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ABSTRACT 


An  examination  using  49  head-  and  mouthpart  variables  on  1365 
recent  hexapod  OTU' s  at  the  species  or  genus  level  was  performed  to 
assess  the  structural  discreteness  of  hexapod  mouthparts .  Adult  and 
immature  stages  of  all  34  extant  hexapod  orders  and  over  704  of  the  997 
families  were  characterized  from  approximately  1200  primary  and 
secondary  sources  from  the  entomological  literature .  This  examination 
was  performed  by  using  a  BMDP2M  cluster  analysis  program  of  unordered, 
multistate,  qualitative  to  semiqualitative  variables,  using  a  Jaccard 
similarity  index  and  a  centroid  clustering  algorithm.  Each  cluster  of 
OTU's  exhibiting  similar  mouthpart  form  was  then  assessed  for  the 
dietary  spectrum  of  its  constituent  taxa.  The  following  results  were 
obtained: 

1.  The  mouthparts  and  associated  head  structures  of  modern  hexapods 
(Insecta  and  their  sister-group,  Parainsecta)  are  structurally 
divisible  into  34  fundamental  groups  (mouthpart  classes) . 

2.  In  terms  of  mouthpart  classes,  taxonomic  diversity  of  the  modern 
insect  fauna  is  dominated  (58%)  by  three  mandibulate,  solid  food 
consuming,  mouthpart  classes:  adult- ectognathates ,  larval - 
ectognathates  and  sericterates .  The  next  four  in  rank  order  are 
mouthpart  classes  of  diverse  fluid-feeders  (labellate,  siphonate, 
segmented-beak  and  mouthhook)  that  cumulatively  account  for  75%  of 
all  hexapod  diversity. 
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3.  For  most  mouthpart  classes  there  is  moderate  to  high  levels  of 
structural  convergence  among  phyletically  unrelated  taxa. 

The  association  between  mouthpart  class  and  diet  is  moderate  to 
strong  and  allows  for  diet  to  be  a  predictable  outcome  of  mouthpart 
structure.  Since  mouthpart  classes  are  associated  with  characteristic 
diets  to  some  extent,  and  many  insect  clades  have  respectable  fossil 
records,  each  mouthpart  class  was  tracked  through  the  geologic  record. 
The  following  patterns  were  obtained. 

1.  The  geochronologic  record  of  hexapod  mouthpart  innovation  and 

diversity  during  the  Later  Paleozoic  to  the  Cenozoic  was  character¬ 
ized  by  a  five-phase  process.  By  the  Early  Devonian  three  specia 
lized  and  generalized  mouthpart  classes  were  present  and  there  is 
indication  of  a  fourth,  adult-ectognathate .  During  the  Late  Carbo¬ 
niferous  several  mandibulate  mouthpart  classes  existed,  representing 
a  respectable  variety  of  head  form  for  the  sequestering  of  solid  and 
fluid  plant  and  animal  food.  The  first  filtering  mouthpart  classes 
appeared  during  this  time.  This  second  expansion  was  succeeded  by  a 
third  phase  of  several  mouthpart  classes  associated  with  the  initial 
radiation  of  holometabolous  insects  during  the  Permian.  Virtually 
all  of  these  mouthpart  classes  were  involved  in  the  consumption  of 
fluid  foods  from  plant  and  arthropods.  This  proliferation  of  holo¬ 
metabolous  mouthparts  reached  its  climax  during  the  fourth  phase 
of  the  Late  Triassic  and  Early  Jurassic,  in  which  four  additional 
mouthpart  classes  of  stylate  dipterans  and  siphonapterans  invaded 
fluid- feeding  niches,  including  plant  secretions,  insect  honeydew 
and  vertebrate  blood.  Lastly  there  was  a  modest  addition  of  two 
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(possibly  three)  mouthpart  classes  associated  with  but  not  necessa¬ 
rily  originating  contemporaneously  with  angiosperms. 

2.  There  is  strong  indication  that  the  proliferation  of  mouthpart 

structure  (as  indicated  by  mouthpart  classes)  is  decoupled  from  the 
secular  trend  of  insect  taxonomic  diversification.  Whereas  family  - 
level  data  indicates  a  gradual,  semiexponential  rise  in  hexapod  taxa 
with  a  steep  upswing  during  the  Cretaceous  and  Tertiary,  91%  of 
mouthpart  classes  appear  by  the  Middle  Jurassic  and  subsequently 
asymptote  significantly  prior  to  the  burst  of  taxonomic  diversifica¬ 
tion.  Inclusion  of  mouthpart  data  from  from  Paleozoic  insects  (not 

studied)  corroborates  this  conclusion. 

3.  Based  on  (2)  above  there  is  a  strong  suggestion  that  glossate  and 
siphonate  mouthparts  antedate  angiosperms,  with  whom  they  are  cur¬ 
rently  intimately  coevolved.  This  diachroneity  forces  re-evaluation 
of  the  traditional  view  of  the  early,  obligate  relationship  between 
angiosperm  and  pollinator  diversity,  indicating  that  at  least  some 
insect  clades  coevolutionarily  associated  with  angiosperms  evolved 
by  lateral  transfer  from  a  preangiospermous  flora  and  not  m  situ 
coevolution. 

4.  The  pattern  of  hexapod  mouthpart  diversity  through  time  supports  the 
ecological  saturation  hypothesis,  wherein  the  number  of  ecological 
roles  is  fixed  relatively  early  during  the  evolution  of  an  ecosys¬ 
tem,  rather  than  the  expanding  resources  hypothesis,  characterized 
by  the  gradual  addition  of  ecological  roles  to  the  ecosystem  during 
evolutionary  time.  Accordingly,  whereas  the  Recent  hexapod  fauna  is 
taxonomically  diverse,  and  highly  differentiated  in  terms  of 
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mouthpart  classes  and  diet,  the  Early  Mesozoic  insect  fauna  was 
significantly  less  diverse  taxonomically  but  shared  almost  the  same 
level  of  mouthpart  structure,  indicating  a  similar  dietary  spectrum 
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CHAPTER  1 


INTRODUCTION 

No  set  of  organs  in  the  body  of  an  insect  vary  in  form 
to  a  greater  degree  than  do  the  mouthparts  (Comstock 
1940,  p.42) . 

No  other  anatomical  character  tells  so  much  about  an 
animal's  habits  as  its  mouth  parts  (MacNamara  1924, 
p.  94). 

These  two  statements  succinctly  pose  a  common  theme  that  has  long 
been  associated  with  hexapod1  morphology- -namely  that  hexapod  mouthparts 
are  extraordinarily  diverse  (Frost  1959)  and  that  they  can  potentially 
reveal  much  about  a  hexapod's  life-habits.  In  conjunction  with  Popham's 
claim  that  "feeding  is  the  most  fundamental  of  animal  activities"  (1962, 
p.436),  then  not  only  does  a  large  chunk  of  potentially  analyzable 
structure  exist  at  the  cephalad  end  of  hexapods  but  also  this  structure 
can  be  used  to  elucidate  the  dynamic  association  between  mouthpart  type 
and  diet  of  insects.  Given  the  voluminous  literature  on  descriptions  of 
mouthpart  form  and  structure  (see  Snodgrass  1928,  Matsuda  1965,  Denis 


1I  am  using  the  term  Hexapoda  to  refer  to  that  clade,  usually  designated 
as  a  class,  that  includes  (i)  all  apterygote  groups  and  (ii)  the  derived 
group,  Pterygota,  although  the  term  Insecta  has  been  used  to  encompass 
both  groups  as  well  (Hennig  1981,  Boudreaux  1987).  By  contrast  I  am 
using  the  term  Insecta  in  a  more  restrictive  sense  (e.g.  Manton  1977, 
Gillott  1982)  to  include  Pterygota  plus  the  aptergotes  Diplura,  Archaeo- 
gnatha  and  Thysanura  ( sensu  stricto) .  The  sister  group  of  the  Insecta 
would  therefore  be  the  Parainsecta,  comprising  only  the  apterygote 
groups  Protura,  Collembola  and  Diplura  (see  KukalovA-Peck  1987,  Smith 
1988;  See  Table  1.) 
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TABLE  1 
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SCHEME  OF  TEXT  NOMENCLATURE  INVOLVING  ORDINAL,  SUPRAORDINAL  AND  METAMORPHIC 

DESIGNATIONS 


cammonname 


abbre¬ 
viation  order 


noma 

supraordnal 

designation 


metamorphk 

condition 


Blattodea- 
Mantodea- 
Phasmatodea— I 
Grylloblattodea 
Orthoptera — 
Isoptera 


telsontails,  proturans  (PRO)  Protura- 
springtails  (COM)  Collembola- 

diplurans  (DPL)  Diplura- 


bristletails  (ARC)  Archaeognatha- 

silverfish,  firebrats  (TYN)  Thysanura — 

mayflies  (EPH)  Ephemeroptera- 

dragonflies,  damselflies  (ODO)  Odonata- 


cockroaches  (BLA) 

mantises  (MAN) 

stick  and  leaf  insects  (PH  A) 
rock  crawlers  (GRY) 

grasshoppers,  crickets  (ORT) 
termites  (ISO) 

earwigs  (DER) 

webspinners  (EMB) 

stoneflies  (PLE) 

angel  insects  (ZOR) 

booklice,  barklice  (PSO) 
chewing  lice  (MAL) 

sucking  lice  (ANO) 

cicadas,  aphids,  scales  (HOM) 
bugs  (HET) 

thrips  (THY) 

alterflies,  dobsonflies  (MEG) 
snakeflies  (RAP) 

lacewings,  antiions  (PLA) 
beetles,  weevils  (COL) 
twisted-wing  parasites  (STR) 


major 

taxonomic 

dj&tas 


Paralnsecta- 

(Entognatha) 


-  apterygotes - ametabolous- 


-palaeopterans- 


Dermaptera — 
Embioptera — 
Plecoptera — 
Zoraptera- 

Psocoptera- 
Mallophaga- 
Anoplura- 


orthopterolds 

[Polyneoptera] 


(— herrtmetabolousH 


scorpionflies  (MEC) 

fleas,  chiggers  (SIP) 

true  flies  (DIP) 

caddisflies  (TRI) 

moths,  butterflies  (LEP) 


Homoptera — 
Heteroptera — | 
Thysanoptera- 

Megaloptera— 
Raphidioptera- 
Planipennia — 
Coleoptera — 
Strepsiptera— 

Mecoptera — 
Siphonaptera- 

Diptera - 

Trichoptera— 

Lepidoptera— 


hemipterolds 

[Paraneoptera] 


-neuropteroids- 


l-holometabolous-1 


-panorpoids- 


wasps,  ants,  bees  (HYM)  Hymenoptera- 


-Insecta- 


Other  common  designations:  dictyopteroid  =  Blattodea  +  Mantodea  +  Isoptera;  dipteroid  =  Diptera  +  Siphon- 
aptera:  coleopteroid  =  Coleoptera  -i-  Strepsiptera;  neuropteroid  =  Megaloptera  +  Raphidoptera  +  Planipennia; 
Endopterygota  =  Holometabola. 
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and  Bitsch  1973  and  Smith  1985  for  summaries  and  various  studies 
demonstrating  relationships  between  general  mouthpart  condition  and 
diet  (Uvarov  1928,  Brues  1972,  Wigglesworth  1964,  Cummins  1973,  Wallace 
and  Merritt  1980) ,  then  in  principle  a  comprehensive  synthesis  of  insect 
mouthpart  type  and  diet  can  be  made. 

This  study  has  approached  this  task  in  a  twofold  fashion,  of  which 
only  the  first  phase  is  reported  in  this  chapter.  The  first  phase  is  an 
analysis  of  the  basic  phenetic  patterns  of  hexapod  mouthpart  structure, 
using  a  multivariate  cluster  analysis  of  1365  hexapod  species,  each  with 
descriptions  of  mouthpart  form  and  structure  documented  from  the 
literature.  Forty-nine  variables,  each  which  reveals  some  aspect  of 
mouthpart  or  mouthpart  related  structure,  were  used  to  describe  each  of 
the  1365  hexapod  species .  The  resulting  mouthpart  categorization  was 
then  expressed  in  phenetic  dendrograms  showing  major  and  minor  mouthpart 
groupings.  In  the  second  phase  of  this  study,  I  compared  the  derived 
groupings  of  mouthpart  structure  in  terms  of  the  diets  of  their  constit¬ 
uent  species,  ascertaining  major  associations  between  mouthpart  type  and 
diet  type. 

The  dominant  theme  .of  the  first  phase  of  this  study  is  the  phenetic 
basis  of  the  mouthpart  taxonomy  and  the  nature  and  pattern  of  the 
derived  classification.  The  classification  presented  herein  is  based  on 
morphological  data  and  uses  phenetic  classification  for  its  derivation. 
It  is  methodologically  blind  with  respect  to  phylogenetic  context  of  the 
included  taxa.  However,  among  some  groupings  of  mouthpart  structure 
there  is  an  indirect,  occasionally  strong  association  between  mouthpart 
type  and  larger  systematic  grouping  (usually  superfamily,  suborder  or 
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order) .  Nevertheless ,  maintaining  a  methodological  independence  between 
mouthpart  type  and  included  systematic  group  can  permit  a  contrast 
between  morphogenetic  change  and  phylogenetic  evolution.  For  example, 
there  may  be  instances  wherein  structural  innovation  has  been  static  in 
the  face  of  considerable  phylogenetic  turnover. 

A  test  of  the  results  obtained  from  this  study  is  a  functional 
morphological  rationalization  of  the  discrete  mouthpart  classes.  In 
other  words ,  apart  from  their  pure  structural  distinctions ,  do  the 
mouthpart  classes  also  exhibit  important,  discrete  differences  in  the 
way  they  operate?  If  they  do,  then  particular  key  innovations  can  be 
sought  to  determine  the  fundamentally  distinctive  mechanisms  of  obtain¬ 
ing  food.  Two  major  approaches  of  functional  assessment  are  to  use 
biomechanical  principles  that  link  structure  to  function  (Cowen  1979) , 
or,  alternatively,  to  focus  on  the  constructional  morphology  of  the 
structure  and  establish  a  qualitative  understanding  of  how  it  operates 
(Thomas  1979).  These  approaches  will  be  discussed  in  Chapter  3. 

The  results  of  this  study  are  a  first  step  in  the  realization  of 
(i)  a  structural  classification  of  modern  hexapod  mouthparts,  (ii)  the 
association  between  mouthpart  type  and  diet  and  (iii)  the  geochronologic 
history  of  mouthpart  type  and  diet.  Thus  the  results  described  herein 
are  preliminary  and  will  require  further  and  more  detailed  analysis  to 
elucidate  finer- grained  patterns  of  mouthpart  form  and  mouthpart/diet 
associations  in  time  and  space. 
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CHAPTER  2 


JUSTIFICATION  AND  GOALS  OF  THIS  STUDY 


Arthropods,  especially  the  insects,  exert  a  commanding  pre¬ 
sence  in  the  dynamic  processes  which  maintain  our  ecosystems. 

They  dispose  of  dead  vegetation,  animal  corpses  and  dung. 

Insects  are  the  major  herbivores.  In  all  of  these  roles 
arthropods  process  and  return  vast  amounts  of  nutrients  to 
the  soil.  As  pollinators  of  flowers,  insects  are  vital 
links  in  the  cycle  of  plant  generations .  And  it  is  daunting 
to  realize  that  ants  and  termites  of  the  Amazon  Basin 
account  for  one- third  of  the  region's  total  animal  biomass- - 
and  that  includes  tapirs,  capybaras  and  people  too! 

(O'Toole  1986:  vi) . 

Because  of  the  overwhelming  dominance  and  importance  of  hexapods  in 
land-  and  freshwater-based  ecosystems,  I  have  chosen  hexapods  as  the 
subject  of  this  mouthpart  study.  In  this  section  I  will  first  establish 
the  fundamental  significance  of  using  hexapods  as  animals  for  mouthpart 
research  and  will  provide  reasons  for  why  they  are  ideally  suited  for  a 
study  of  gross  morphology.  I  will  then  justify  the  use  of  mouthparts  as 
an  appropriate  structure  for  analysis  by  mentioning  their  structural 
uniqueness  and  modification  for  diverse  functions .  Later ,  I  will  state 
my  approach  for  an  examination  and  evaluation  of  mouthpart  form  in 
hexapods,  citing  five  advantages  of  proceeding  with  such  a  nontradition- 
al  study.  Finally,  I  will  discuss  the  goals  and  fundamental  biological 
questions  posed  by  this  study.  v 

Undoubtedly  arthropods  in  general  and  insects  in  particular  have 
become  a  prominent  and  ubiquitous  component  of  terrestrial,  freshwater 
and  even  marginal-marine  ecosystems  (see  O'Toole's  quote  above).  It  has 
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been  asserted  that  vascular  plants ,  hexapods  and  vertebrates  fundamen¬ 
tally  structure  terrestrial  communities  (Niklas  1986)  and  vascular 
plants  and  hexapods  provide  three  dominant  trophic  roles  found  in  their 
assembly:  producers,  primary  consumers  (herbivores),  secondary  consum¬ 
ers  (carnivores)  and  decomposers.  (It  should  be  noted  that  vertebrates 
are  additionally  important  primary  and  secondary  consumers  in  many 
situations.)  Although  this  dominance  can  be  expressed  in  many  ways,  I 
have  selected  six  salient  and  ubiquitous  features  to  evaluate  hexapod 
importance.  These  indicators  are  taxonomic  diversity,  biomass,  dietary 
breadth,  biogeographic  distribution,  habitat  partitioning  and  geologic 
duration.  It  is  essential  to  recognize  that  these  indicators  are  of 
fundamental  importance  for  establishing  any  widespread  implications 
derived  from  a  study  of  hexapod  mouthparts . 

1.  Taxonomic  diversity.  Both  absolute  measures  and  theoretical 
maxima  of  insect  species  diversity  indicate  that  hexapods  are  probably 
the  single  most  diverse  group,  at  the  class  level,  ever  to  inhabit  the 
earth.  Numbers  of  described  and  known  species  currently  total  approx¬ 
imately  875,000  (Appendix  D)  and,  based  on  the  number  of  species 
descriptions  per  unit  time  for  various  groups ,  there  is  every  indication 
that  this  value  will  increase  dramatically  for  most  groups  (Strong  et 
al.  1984).  Furthermore,  while  controversial,  independent  evidence  from 
insect  species  diversity  found  in  a  single  Panamanian  tree  species 
indicates  that,  when  extended  to  the  the  diversity  of  the  biosphere, 
approximately  30  million  species  of  insects  exist  (Erwin  1982) . 

2.  Biomass.  Approximate  estimates  of  biomass  per  square  meter  of 
major  taxonomic  groups  in  six  major  terrestrial  biomes  indicate  that 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


7 


hexapods  are  rarely  the  dominant  group,  and  are  almost  always  surpassed 
by  oligochaete  biomass  (Little  1983).  Significantly,  hexapods  possess 
the  greatest  biomass  in  desert  biomes,  and  rank  second,  after  oligo- 
chaetes,  in  tundra,  temperate  deciduous  forest  and  temperate  grassland. 
Hexapods  rank  third  in  northern  coniferous  forest,  after  oligochaetes 
and  arachnids,  and  place  fourth  in  tropical  forests,  after  oligochaetes, 
gastropods  and  amphipods.  The  occurrence  of  amphipods  as  a  major 
fraction  of  terrestrial  animal  biomass  is  largely  confined  to  the 
southern  hemisphere  (Cloudsley-Thompson  1988) . 

3.  Dietary  breadth.  Hexapod  diets  are  collectively  the  most 
eclectic  of  any  major  organismic  group;  they  consume  virtually  any 
nutrionally- rewarding  substrate.  Their  dietary  breadth  extends  not  only 
from  participating  in  all  major  dietary  categories,  but  also  in  intri¬ 
cate  partitioning  of  these  major  categories  into  diets  characterized  by 
monophagy  on  a  particular  host,  or  even  a  particular  host  region. 

A  further  indication  of  insect  dietary  breadth  is  provided  by 
anecdotal  data  on  the  exceptional  diets  of  some  species ,  including  forms 
feeding  on  hair  and  feathers,  sponges,  bacteria  in  petroleum,  urine, 
textile  fibers,  wax,  wood  and  various  salt  solutions  (Uvarov  1928,  Brues 
1972) .  Typical  foods  include  freshwater  plankton,  decaying  plant  and 
animal  tissue,  live  animal  tissue  including  blood,  and  all  major  plant 
organs  and  their  tissues- -particularly  roots,  wood,  sap,  leaves, 
flowers ,  nectar ,  pollen  and  seeds .  While  the  taxonomically  comparable 
vertebrates  rival  insects  in  dietary  breadth,  there  are  several  food 
resources  that  are  excluded,  since  no  forms  subsist  exclusively  on  wood, 
hair  and  feathers,  textile  fibers,  wax  and  decaying  plant  material. 
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4.  Biogeographic  distribution.  Insects  occur  in  all  regions  of 
the  biosphere  except  at  the  polar  extremities  and  the  deeper  oceanic 
areas.  With  regard  to  biogeographic  distribution,  the  only  glaring 
exception  is  the  submarine  realm,  although  several  hundred  hexapods  are 
considered  marine,  including  caddisfly  nymphs  in  sea  urchins,  seal  lice, 
chrysomelid  beetle  larvae  on  the  eelgrass  Zostera  and  the  marine  water- 
strider  Halobates  found  on  the  surface  of  oceans  several  hundred  miles 
from  land  (see  Cheng  1976) .  The  intertidal  and  supratidal  zones  are 
richly  populated  with  marginally  marine  forms ,  including  bristletails , 
beetles,  flies  and  other  groups.  On  land,  collembolans  occur  up  to 
6000m  (Swan  1961);  stonefly  nymphs  and  fly  larvae  inhabit  artesian  water 
channels  that  are  found  in  boreholes  (Stanford  and  Ward  1988) ;  and 
diurnally  active  beetles  inhabit  land  surfaces  with  temperatures  up  to 
51°C  (Roer  1975) .  Hexapods  have  succesfully  colonized  all  desert 
habitats  and  many  groups  have  developed  unique  xeric  adaptations 
(Cloudsley-Thompson  1988).  Although  most  prolific  in  the' tropics, 
hexapods  nevertheless  occur  in  profusion  on  all  land  masses  except  at 
the  highest  altitudes . 

5.  Habitat  partitioning  The  myriad  ways  that  hexapods  have 
partitioned  the  biosphere  is.  astonishing  (see  Southwood  1978) .  Although 
only  a  brief  synopsis  can  be  presented,  hexapods  have  invaded  every 
major  habitat  in  freshwater  and  on  land.  Much  of  this  success  involves 
the  "dissociation  in  form  and  structure  between  the  feeding  and  growing 
stages  [=immatures]  and  the  distributive  and  reproductive  stages 
[=adults]"  (Hinton  1977:  81,  insertions  mine).  In  fresh  water,  there 
are  larval  and  adult  filterers,  scrapers,  collectors,  herbivores  and 
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carnivores  (Merritt  and  Cummins  1984)  that  trophically  link  producers 
with  higher- level  vertebrate  carnivores.  On  land,  insects  have  evolved 
several  special  strategies  for  using  plants  simultaneously  as  food 
resources  and  domiciles.  These  include  external  foliage  feeding,  wood¬ 
boring,  leaf-  and  root-galling  and  leaf-  mining,  each  of  which  is 
characterized  by  a  wide  spectrum  of  microhabitats .  Wood-boring  forms , 
for  example,  can  specialize  in  live,  recently  dead,  decomposing,  and 
highly  decomposed  phases ,  complicated  by  occurrence  in  particular 
anatomical  regions  of  the  wood  (Hamilton  1978) .  Predaceous  forms  often 
specialize  on  particular  taxonomic  groups  whereas  parasitic  and  parasi- 
toidic  forms  often  are  host-specific  and  tissue-specific  (Vinson  and 
Barbosa  1987).  Other  special  habitats,  each  with  a  variety  of  spatio- 
temporally  discrete  microhabitats,  are  carrion,  vertebrate  feces,  macro- 
fungal  sporocarps  and  even  house-borne  dustballs. 

6.  Geochronologic  Duration.  Although  relative  latecomers  when 
compared  to  other  major  class- level  taxa,  hexapods  have  their  earliest 
occurrence  in  the  Early  Devonian  (Hirst  and  Maulik  1926,  Labandeira  et 
al.  1988)  about  400  million  years  ago,  and  by  Late  Carboniferous  times, 
320Ma,  they  were  already  tlje  dominant  terrestrial  and  probably  freshwa¬ 
ter  animal  group.  (Nothing  is  known  of  the  approximately  55  my  gap 
between  the  Middle  Devonian  and  earliest  Late  Carboniferous . )  Patterns 
of  familial-  and  ordinal- level  diversity  indicate  moderate  expansion 
during  the  late  Paleozoic,  followed  by  a  Late  Permian  extinction  of 
archaic  orders ,  after  which  a  spectacular  diversification  ensued  during 
the  later  Mesozoic  and  Cenozoic  (Sepkoski  and  Hulver  1985),  partly  in 
concert  with  the  appearance  of  flowering  plants  (Tiffney  1981) .  Many 
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modem,  mostly  anthophilous  families  were  established  by  the  Cretaceous 
(Willemstein  1987),  and  by  Baltic  Amber  times  about  38Ma,  the  insect 
fauna  was  demonstrably  modern  at  the  familial  level,  with  many  genera 
and  occasional  species  still  extant  (Larsson  1978,  Whalley  1988). 

Insects  appear  to  have  been  unaffected  by  the  Cretaceous  extinctions 
(Briggs  et  al.  1988,  Whalley  1988).  Since  their  dominance  of  terres¬ 
trial  habitats  certainly  by  Late  Carboniferous  times,  all  evidence  indi¬ 
cates  that  insects  have  been  the  dominant  and  most  diverse  animal  group. 

By  most  of  the  above  critera,  it  has  been  established  that  insects 
constitute  the  dominant  animal  group  on  land  and  probably  in  freshwater . 
This  pre-eminence  can  be  documented  for  their  taxonomic  diversity, 
marginally  for  their  biomass,  probably  for  their  dietary  breadth,  and 
certainly  for  biogeographic  distribution  and  habitat  partitioning:  they 
have  an  impressive  geologic  longevity.  This  conclusion  begs  the 
question:  Why  have  insects  achieved  such  a  predominant  role  in  freshwa¬ 
ter  and  terrestrial  ecosystems? 

This  question  is  approachable  by  consideration  of  those  features  of 
insect  design  that  may  account  for  such  dominance.  If  we  examine  those 
basic  functions  that  insects  share  with  all  other  animals,  two  prominent 
functions  come  to  mind- -feeding  and  reproduction.  Other  features  that 
taxonomically  are  more  restricted  among  animals  include  presence  of  an 
exoskeleton,  flight  and  developmental  metamorphosis.  With  regard  to 
reproduction,  the  male  aedeagus  and  the  female  ovipositor  are  the 
relevant  structures.  Both  structures  possess  amazing  diversity  of  form 
within  lower  taxonomic  levels- -diversity  that  is  essential  for  estab¬ 
lishing  species - level  distinctions  in  most  groups.  While  the  ovipositor 
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is  highly  variable  within  hexapods  and  contains  several  paired  elements 
used  for  transferal  of  eggs  from  the  ovaries  to  an  appropriate  sub¬ 
strate,  it  nevertheless  lacks  diverse,  classwide  structural  complexity. 
By  contrast,  structures  involved  with  feeding  are  an  anterior-posterior 
series  of  mouthparts ,  each  pair  of  which  often  bear  numerous  independent 
elements.  Whereas  the  exoskeleton  consists  of  numerous  sclerites  that 
range  variously  in  size,  shape  and  juxtaposition,  their  overall  struc¬ 
ture  within  hexapods  is  highly  stereotyped.  Similarly  wings  are  highly 
uniform  and  consist  of  general  trends  in  vein  reduction,  variations  in 
shape  and  size  and  wing  number.  (A  few  recent  studies  indicate  that 
there  may  be  four  or  five  biomechanically  distinctive  ways  that  insect 
use  wings  in  flight  [Wootton  1988,  Ellington  1988].)  Although  metamor¬ 
phosis  has  profound  implications  for  the  structure  of  immature  and  adult 
insects ,  it  is  not  clear  how  an  overall  measure  of  "metamorphic  form" 
can  be  achieved  in  many  externally  featureless  larvae,  whose  only 
visible  structural  complexity  often  is  the  mouthparts.  In  conclusion, 
the  most  complex,  variable  and  potentially  informative  structure  or 
structure -complex  that  insects  bear  which  may  potentially  inform  us 
about  the  "Why"  question  above  is  mouthparts.  Other  relevant  structure - 
complexes  either  have  a  high  degree  of  stereotypy  among  higher  taxonomic 
levels  or  they  are  operationally  difficult  to  assess.  Structural 
stereotypy  makes  morphological  analyses  of  major  trends  among  groups 
less  attractive  for  answering  basic  issues  of  insect  form.  By  contrast, 
Metcalf  expressed  the  structural  complexity  of  insect  mouthparts  in  the 
following  way: 
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Probably  no  group  of  structures  in  the  animal  kingdom  ex¬ 
hibits  a  better  example  of  the  adaptive  modification  of 
originally  similar,  serially  arranged  organs  to  very 
different -looking  structures  and  to  diverse  functions... 

It  will  be  seen  that  these  structures  diversify  to  such 
an  extent  that  their  homologies  would  never  be  suspected; 
and  can  be  recognized,  if  at  all,  only  by  the  most  judi¬ 
cious  study  of  their  embryonic  and  postembryonic  develop¬ 
ment  (Metcalf  1929:  110,  111). 

The  question  of  why  insects  have  achieved  an  overwhelming  represen¬ 
tation  in  freshwater  and  especially  terrestrial  habitats  is  important 
and  fundamental  not  only  to  entomologists,  but  also  for  biologists  who 
seek  to  understand  the  evolution  of  freshwater  and  terrestrial  ecosystem 
structure.  Using  the  structural  diversity  of  hexapod  mouthparts  to 
characterize  this  dominance  can  be  approached  by  several  traditional  and 
nontraditional  ways . 

Traditional  approaches  of  inquiry  have  focused  primarily  on  system¬ 
atic  studies ,  characterized  by  the  establishment  of  the  taxonomic 
identities  and  relationships  of  particular  insect  groups .  In  these 
studies  morphological  variation,  as  it  relates  to  function,  ecology  or 
other  primarily  nontaxonomic  aspects,  is  usually  only  briefly  discussed. 
Other  approaches  toward  the  study  of  form  are  to  understand  the  genotype 
(genetics) ,  or  the  ontogeny  of  structure  (embryology) ,  or  to  evaluate 
form  directly  (morphology).  Unfortunately,  knowledge  about  the  genetics 
and  embryology  from  a  representative  sample  of  insects- -a  sample  that 
would  minimally  require  several  hundred  characterizations  for  the 
purposes  of  this  study- -is  not  available,  even  if  it  were  possible  to 
causally  link  knowledge  of  the  genotype  and  development  to  its  expres¬ 
sion  on  the  phenotype.  This  leaves  gross,  or  phenotypic,  morphology  as 
the  only  viable  alternative  available  for  a  study  of  insect  mouthparts. 
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Although  there  is  an  extensive  literature  documenting  mouthpart 
structure  and  thus  providing  a  vast  source  of  raw  data  for  this  study , 
there  are  also  the  following  advantages  that  the  study  of  mouthpart 
structure  proposed  herein  can  provide. 

1.  Overall  Philosophic  Approach.  The  approach  taken  in  this  study 
emphasizes  the  elucidation  of  pure  morphology  for  characterizing  hexapod 
mouthpart  structure.  While  most  recent  investigations  of  insect 
morphology  are  done  with  an  a  priori  goal  of  determining  systematic 
relationships  of  the  taxa  under  consideration,  this  study  is  primarily 
concerned  with  determining  hexapod  morphology  as  it  exists ,  without 
reference  to  taxonomy  or  phylogeny.  Thus  this  analysis  of  hexapod 
mouthparts  uses  an  unconventional  method  rarely  undertaken  in  recent 
entomological  studies. 

2.  Taxonomic  scope.  The  diversity  of  hexapod  taxa  examined  in 
this  study  includes  genera  from  all  34  orders  and  70%  of  of  all  fami¬ 
lies;  it  represents  1365  separate  data-entries  (see  Section  6.1  for 
specifics).  The  coverage  is  fine-grained  enough  to  capture  major  and 
intermediate -level  trends  in  mouthpart  structure.  Notably,  virtually 
a^l  previous  treatments  of  mouthpart  structure  have  been  either  under¬ 
taken  at  the  level  of  overly  broad,  generalized  Gestalten,  such  as  those 
found  in  textbooks  (e.g.  Borror  et  al.  1976;  Gillott  1980),  or  analyses 
of  single  or  a  few  representatives  of  major  structural  categories 
(Snodgrass  1928,  1935),  or  confined  to  analyses  of  single  families  or 
lower  taxa  (Bugnion  1930,  Nel  and  DeVilliers  1988),  wherein  most 
differences  in  mouthpart  structure  are  insignificant  when  compared  to 
the  total  diversity  of  mouthpart  structure  among  all  hexapods.  Although 
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a  few,  occasional  studies  have  aimed  at  the  general  level  desired  in 
this  study  (Metcalf  1929,  Chaudonneret  1982-89),  their  analytic  context 
was  couched  in  a  priori  taxonomic  considerations.  This  study  is  the 
first  purely  phenetic,  comprehensive  analysis  of  hexapod  mouthpart 
structure. 

3.  Morphological  context.  The  centrality  and  omnipresence  of 
mouthparts  is  a  structural  expression  of  hexapodan  life-habits.  Feeding 
and,  by  extension  mouthparts,  are  probably  more  important  than  flight, 
locomotion,  and  at  least  for  immatures ,  reproduction;  no  other  struc¬ 
tural  feature  probably  affects  the  daily  lives  of  hexapods  as  much  as 
mouthparts.  It  should  be  noted  that  of  all  the  major  structures  borne 
by  insects  that  interact  directly  with  the  environment- -mouthparts , 
wings,  legs,  ovipositor,  gills,  etc .- -mouthparts  are  the  most  universal 
and,  unlike  the  other  mentioned  structures,  occur  in  virtually  all 
species.  Since  feeding  is  both  fundamental  and  diverse  in  hexapods,  the 
potential  opportunity  for  structural  modification  of  mouthparts  is 
immense.  Consequently,  hexapodan  mouthparts  present  an  ideal  structural 
complex  for  the  analysis  of  gross  structural  variation  and  its  associa¬ 
tion  with  hexapodan  life-habits. 

4.  Macroevolutionary  biology.  There  are  several  implications  of 
this  study  for  the  macroevolutionary  biology  of  hexapods.  First,  within 
Recent  hexapods,  an  examination  of  the  degree  of  phylogenetic  conver¬ 
gence  on  the  same  mouthpart  type  can  provide  insight  into  the  multiple 
occupation  of  food  niches  by  taxonomically  disparate  lineages .  This  is 
achieved  by  evaluating  the  taxonomic  membership  of  mouthpart  classes  and 
recording  the  number  of  independent  lineages  present  in  that  class . 
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Secondly,  a  subsidiary  examination  of  the  geochronologic  record  of 
mouthpart  types  documented  by  evidence  from  the  fossil  record  and 
phylogenetic  analyses  can  provide  a  record  of  the  first  known  appearance 
and  historical  trends  of  mouthpart  types  and  their  constituent  taxa 
during  the  past  400  million  years.  Lastly,  when  mouthpart  type  is 
associated  with  diet  (Phases  1  and  2  of  this  study) ,  an  indication  of 
the  origin,  evolution  and  recent  structure  of  feeding  guilds  (sensu  Root 
1973)  can  be  established,  especially  with  respect  to  the  expansion  and 
contraction  of  food  resources  and  the  concomitant  opportunism  showed  by 
mouthpart  types  toward  the  exploitation  of  a  given  food  resource.  In 
other  words :  What  has  been  the  response  of  mouthpart  form  to  the 
evolving  biota?  Has  this  response  resulted  in  an  increase  in  the  number 
of  fundamental  mouthpart  types  and  resulted  in  a  finer  partitioning  of 
available  food  resources?  ! 

5.  Comparison  with  analogous  arthropod  groups.  Four  major 
arthropod  groups  have  invaded  the  terrestrial  realm:  crustaceans, 
arachnids,  myriapods  and  hexapods  (Labandeira  and  Beall  1990).  Of 
these,  only  hexapods  have  partitioned  their  food  resource  world  to 
include  all  conceivable  nutritional  categories.  Concomitantly,  only 
insects  exhibit  a  bewildering  variation  of  mouthpart  structure.  While 
crustaceans  exhibit  complex  specializations  for  chewing,  filter- feeding 
and  piercing- and- sucking  (Schram  1986) ,  terrestrial  members  are  only 
"mandibulate"  chewers.  Nonacariform  arachnids  have  highly  stereotyped 
mouthparts  comprising  only  two  pairs  of  mouthparts - - a  pair  of  anterior 
fang- like  chelicerae  and  a  posterior  pair  of  chelate  or  palpiform 
pedipalps.  According  to  Snodgrass  (1948),  early  arachnids  lacked  true 
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jaws  and  subsequently  have  been  channeled  into  liquid- feeding.  How- 
ever>  dominantly  parasitic  mites  and  ticks  have  developed  a  few  inter¬ 
esting  mouthpart  modifications,  including  specializations  for  rasping, 
piercing  and  even  siphoning  (James  and  Harwood  1969).  Myriapods,  by 
contrast,  possess  greater  mouthpart  complexity  and  bear  analogs  to  the 
labral ,  mandibular,  maxillary  and  often  labial  regions  of  hexapods,  but 
all  myriapod  forms  are  fundamentally  phytophagous  or  raptorial  chewers 
and  lack  the  fluid- feeding  specializations  of  hexapods.  Of  these  four 
terrestrial  arthropod  groups,  the  crustaceans  probably  did  not  invade 
the  terrestrial  realm  until  the  late  Mesozoic  (Little  1983) ;  the  three 
other  groups  date  back  to  the  Paleozoic,  but  only  insects  have  invaded, 
in  entirety ,  the  vast  dietary  spectrum  found  in  terrestrial  ecosystems . 

The  goals  of  this  study  are  simply  to  ascertain  objectively  the 
number,  diversity  and  systematic  membership  of  major  mouthpart  groupings 
(or  fundamental  mouthpart  "body-plans")  in  the  Recent  insect  fauna.  A 
second  goal  is  the  establishment  of  a  model  of  mouthpart/diet  associa¬ 
tion  that  can  be  used  to  infer  diets  of  Recent  species  where  dietary 
information  is  often  unknown  or  very  poor,  or  of  fossil  species  where 
paleobotanical  dietary  data  are  frequently  unavailable  but  mouthpart 
structure  is  present.  The  mouthpart/diet  association  model  can  also  be 
used  to  examine  the  proportional  representation  of  insect  mouthpart 
groupings  and  dietary  associations  in  selected,  well-preserved  fossil 
insect  deposits  or  in  recent  terrestrial  communities  (Table  2) .  The 
third  goal  of  this  study  is  to  document  from  the  fossil  record  the 
historical  pattern  of  mouthpart  classs  and  their  associated  diets. 
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TABLE  2.  Model  for  application  of  Recent  mouthpart  classes  to  the  fossil  record. 
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Although  fundamental  questions  in  biology  are  often  simple,  they 
nevertheless  provide  excellent  vehicles  for  understanding  large-scale 
patterns  of  a  group  in  time  and  space.  The  fundamental  questions  posed 
by  this  study  are:  "What  are  and  why  are  there  so  many  discrete 
modifications  of  hexapod  mouthparts?" ,  "What  is  their  relationship  to 
diet?",  and  "How  may  they  inform  us  about  the  geochronological  evolution 
of  feeding  guilds  in  hexapods?"  The  diversities  of  mouthpart  structures 
and  of  feeding  guilds  are  undoubtedly  strongly  associated.  Once  a 
pattern  is  documented,  this  association  can  be  used  to  establish,  with 
data  from  the  fossil  record  and  phylogenetic  studies,  a  record  of  the 
expansion  of  hexapod  feeding  styles  from  inconspicuous  primitive  forms 
on  primitive  vascular  plants  during  the  Devonian,  to  the  unbridled 
wealth  of  feeding  styles  today. 
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CHAPTER  3 


PREVIOUS  RESEARCH 

The  number  of  studies  of  insect  mouthpart  morphology  is  vast, 
numbering  at  least  two  to  three  thousand  (approximately  1200  references 
have  been  consulted  for  the  data  presented  herein) .  Among  this  wealth 
of  literature,  the  overwhelming  majority  of  studies  are  descriptive 
accounts  of  selected  insect  species;  a  few  are  syntheses  of  previous 
studies  (e.g.  Berlese  1909;  Snodgrass  1924,  1944;  Matsuda  1965;  Gouin 
1968)  that  take  a  taxonomic  approach  to  mouthpart  structure  contrasting 
similarities  and  differences  of  structure  among  representatives  of 
various  insect  orders.  A  minor  portion  of  the  literature,  most  of  it 
recent,  discusses  the  evolutionary  implications  of  mouthpart  patterns 
(e.g.,  Manton  1964,  1979;  Kristensen  1984;  Ashe  1984a,  1984b),  or  the 
roles  of  mouthpart  types  in  feeding  guilds  (e.g.  Balduf  1935,  Wallace 
and  Merritt  1980,  Cummins  and  Merritt  1984,  Caltagirone  1984).  In  this 
section  two  approaches  are  used  to  distill  this  profusion  of  literature 
--the  first  describes  the  historical  development  of  mouthpart  research 
by  national  region  and  the  second  emphasizes  recent  trends  in  the 
functional  morphology  of  insect  mouthparts . 

3.1.  A  Brief  Overview  of 
Mouthpart -Morphology  Research 

Although  insect -mouthpart  investigations  can  be  traced  with 
assurance  to  the  natural  history  observations  in  Aristotle's  De  Partibus 
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Animalium  and  probably  to  the  ancient  Egyptians  by  their  anatomically 
accurate  renderings  of  mouthparts  in  models  of  sacred  scarabs ,  the 
modern  era  of  mouthpart  research  did  not  commence  until  the  late  1700 's 
and  early  1800' s.  Such  early  publications  as  Clairville's  Helvetische 
Entomologie  (1798-1806)  in  fact  used  mouthpart  structure  to  separate 
common  insect  orders  into  two  major  groups  (his  "tribes") --the  Mandibu- 
lata  with  chewing  mouthparts  and  the  Haustellata,  with  sucking  mouth- 
parts.  This  practice--of  using  mouthpart  type  as  one  of  a  few,  major, 
diagnostic  characters  for  insect  classification  at  ordinal  level- - 
continued  into  such  later  works  as  Lubbock's  On  the  Origin  and  Metamor¬ 
phosis  of  Insects  (1890)  and  The  Cambridge  Natural  History  (Sharp  1922: 
172).  (See  Frost  [1959]  for  an  anatomical  extension  of  this  idea.) 
During  the  1850 's  to  1900' s,  mostly  German  and  to  a  lesser  degree 
British  and  American,  anatomists  published  articles  detailing  the 
microscopic  structure  of  mouthparts  from  various  common  insects . 

During  the  early  part  of  the  Twentieth  Century,  the  momentum  of 
insect  mouthpart  research  shifted  to  the  United  States.  This  momentum 
was  evidenced  initially  by  such  eminent  systematic  entomologists  as  A.S. 
Packard  (fl.  1890's),  V.L.  Kellogg  (fl.  1890's  to  1900's)  and  J.W. 

v 

Folsom  (fl.  1900's),  and  later  by  the  pioneering  work  of  R.E.  Snodgrass 
(fl.  1900's  to  1960's),  a  comparative  morphologist  affiliated  with  the 
Bureau  of  Entomology  of  the  Department  of  Agriculture.  Snodgrass  had  a 
major  influence  on  American  insect  morphology,  popularizing  a  theory  of 
head  segmentation  proposed  earlier  by  German  morphologists  (Rempel  1975) 
and  establishing  a  much-used  framework  for  recognition  of  mouthpart 
structure  homologies  across  all  insect  orders.  Other  major  researchers 
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of  this  period  were  A.  Peterson  (fl.  1910 's  to  1950 's)  of  Ohio  State 
University  and  G.C.  Crampton  (fl.  1910's  to  1940's)  of  the  University  of 
!  Massachusetts ,  both  of  whom  contributed  toward  an  understanding  of 
general  mouthpart  structure  across  all  insect  orders.  Crampton,  in 
particular,  introduced  comparative  morphologic  studies  of  a  particular 
mouthpart  structure,  discussing  and  illustrating  major  variations  in 
form  occurring  among  all  insect  orders.  Up  to  that  time  the  tradition 
was  to  describe  mouthparts  as  an  ensemble  of  a  single  species,  generally 
with  minimal  reference  to  interelement  variation  among  related  or 
unrelated  taxa. 

During  the  1920 's  to  1950 's  a  separate  school  of  insect  morphology 
was  established  at  Stanford  University  by  G.W.  Ferris  (Rempel  1975). 

The  Stanford  School  produced  a  host  of  articles  on  mouthpart-morphology 
published  by  their  in-house  publication,  Microentomology:  these 
articles  were  often  at  odds  with  Snodgrass's  interpretation  of  homolo¬ 
gies  of  mouthparts  and  other  head-related  structures  (Matsuda  1965) . 
Meanwhile,  at  the  Cornell  University  Agricultural  Experiment  Station, 
affiliated  with  the  premier  entomology  department  in  North  America, 
several  studies  of  mouthpart  morphology  were  produced  (Johannsen  1943; 
Butt  1943,  1951;  Kelsey  1954).  By  the  later  1960's  the  "classic  period" 
of  descriptive  mouthpart-morphology  in  North  America  was  waning;  most  of 
these  studies  were  synthesized  by  Matsuda  (1965)  in  his  monograph, 
Morphology  and  Evolution  of  the  Insect  Head.  The  tradition  of  descrip¬ 
tive  morphology  using  light  microscopy  and  line  drawings  became  sup¬ 
planted  by  more  functionally  oriented  studies,  often  at  higher  magnifi¬ 
cations  and  using  electron  microscopy. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


22 


Meanwhile  in  Europe  three  distinct  schools  of  mouthpart  research 
were  producing  a  prolific  literature.  The  earliest  was  in  Germany, 
began  by  H.  Weber  (fl.  1920's  to  1930's),  principally  at  the  Zoology 
Institute  of  the  University  of  Tttbingen  (Matsuda  1965) ,  who  spawned  many 
students  that  produced  monographic  publications  on  common  or  interesting 
species.  Most  of  these  monographs  (e.g.  Wundt  1961,  Mickoleit  1963, 
Ramcke  1965)  were  published  in  Zoologische  Jahrbiicher  and  possessed  the 
imprint  of  the  Konstruktionsmorphologie  tradition,  stressing  the  head 
and  mouthpart  ground-plan  of  the  examined  insects  and  including  func¬ 
tionally  interpretative  accounts  of  the  structures  studied. 

Later,  in  France,  at  the  Department  of  Zoology  at  the  University  of 
Dijon,  J.  Chaudonneret  established  a  school  of  descriptive  morphology 
and  embryology  during  the  1940' s  to  1970' s  (Rempel  1975).  Some  of  his 
students  published  their  mouthpart  morphology  studies  locally  in  the 
Travaux  Laboratoire  de  Zoologie  et  de  Station  Aquicole  Grimaldi  de  la 
Facultd  des  Sciences  de  Dijon  (e.g.  Bitsch  1952,  Moulins  1959,  Jaboulet 
1960).  Recently,  Chaudonneret  has  published  a  series  of  articles  on  the 
central  structural  theme  of  the  insect  head  and  mouthparts  (1982) , 
followed  by  major  variations  of  this  theme  found  in  various  insect 
groups  (1983-1989).  Though  stressing  both  phylogenetic  and  functional- 
morphological  approaches  in  this  extended  study,  many  of  Chaudonneret' s 
mouthpart/head  groupings  are  similar  to  groupings  of  this  study . 

Lastly,  there  was  a  more  diffuse  British  school  of  mouthpart 
morphology,  largely  centered  at  the  University  of  Manchester  (E.J. 
Popham,  fl.  I960' s  and  1970' s;  M.E.G.  Evans  and  T.G.  Forsythe,  fl. 

1980 's),  the  University  of  Bristol  (D.G.  Pollard,  fl.  1950 's  to  1970 's), 
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University  of  Aberdeen,  (J.R.T.  Short,  fl.  1950's)  and  the  British 
Museum  of  Natural  History  (B.  Jobling,  fl.  1920 's  and  1930' s;  S.M. 
Manton,  fl.  1960's  and  1970's).  Among  these  British  researchers  there 
was  a  tendency  to  stress  the  functional  as  well  as  the  descriptive 
aspects  of  mouthpart  morphology,  of  which  S.M.  Manton' s  ideas  were 
perhaps  the  most  controversial  (Gupta  1979),  with  her  suggestion  that 
mouthparts  and  other  major  structures  arose  independently  several  times 
within  the  insects  (Manton  1977,  1979).  In  general,  the  "classic 
period"  of  European  mouthpart  morphology,  as  in  North  America,  became 
replaced  by  ultrastructural  studies  employing  electron  microscopy. 
However,  during  the  1970 's  and  1980' s,  occasional  monographical  works  of 
insect  mouthparts  in  the  classical  vein  have  appeared  in  Zoologische 
Jahrbhcher  by  the  German  School  (e.g.  Honomichl  1975,  Hirsch  1986). 

The  British  influence  in  India  generated  an  interest  in  applied 
entomological  research,  much  of  it  devoted  to  the  protection  of  subtrop¬ 
ical  crops  and  the  control  of  human  diseases  transmitted  by  insect 
vectors.  As  early  as  the  1910 's  there  was  research  into  the  mouthpart 
structure  of  bothersome  Diptera  (Cragg  1912a  to  1913c) ,  and  later  there 
was  extensive  research  into  the  control  of  various  agricultural  pests 
(Ahmad  1943,  Kumari  1955,  Akbar  1957,  Puri  1958).  Many  descriptive 
mouthpart-morphology  reports  from  these  studies  often  detailed  the 
mouthpart  structure  of  insect  taxa  absent  in  North  America  or  Europe. 
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3.2.  Studies  Focusing  on  the  Functional 
Morphology  of  Hexapod  Mouthparts 

In  the  broadest  sense  of  the  term,  functional  morphology  can  be 
categorized  into  three  approaches,  in  terms  of  both  historical  develop¬ 
ment  of  a  given  discipline  and  in  terms  of  increasing  scientific  rigor. 
These  are  (i)  natural  history  observations ,  whereby  some  ecologic/ 
organismic  association  is  made,  such  as  mouthpart  type  and  diet,  without 
resort  to  an  analysis  of  causality;  (ii)  a  form- and- function  analysis, 
whereby  some  descriptive  aspect  of  an  organism's  structure  is  used  to 
causally  explain  a  relevant  organismic  process,  such  as  mandibular 
dentition  accounting  for  processing  of  a  particular  food  type;  and  (iii) 
biomechanical  modelling,  wherein  some  feature  of  anatomy  is  character¬ 
ized  such  that  a  biological  function  of  the  same  feature  can  be  ex¬ 
plained,  often  mathematically,  in  terms  of  a  cost/benefit  explanation, 
assuming  an  adaptationist  paradigm.  This  third  approach  focuses  on  a 
particular  mechanism  and  seeks  to  explain  how  a  structure  works.  When 
the  vast  insect  mouthpart  and  diet  literature  is  considered,  functional- 
morphological  studies  have  been  relatively  infrequent.  The  relevant 
literature  that  does  discuss  mouthpart  morphology  and  diet  uses  the 
first  approach  most  often  and  the  second  approach  is  infrequently  used. 
Snodgrass  (1935)  however  was  an  exception,  summarizing  much  of  what  was 
known  about  the  structure  of  major  mouthpart  types  and  how  they  worked. 
His  contributions  were  valuable  not  only  in  his  systmatization  of 
descriptive  morphology- -then  in  a  morass  of  terminological  confusion- - 
but  also  in  his  illustration  of  how  "morphology  must  be  intimate  with 
function"  (1935:  1).  Notably,  Chaudonneret  has  continued  this  tradition 
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in  a  series  of  publications  detailing  the  Baupl&ne  of  the  insect  head 
and  its  principal  modifications  in  insect  taxa  (1966,  1982-1989). 

Although  historically  the  third  approach  rarely  has  been  used,  it 
has  been  applied  since  the  early  1970 's  to  a  few  relatively  well- 
constrained,  mostly  liquid-  or  particle -feeding,  mouthpart  complexes. 
These  include:  the  strike  mechanism  of  the  labial  mask  in  larval 
odonatans  (Caillfere  1972,  Pritchard  1976,  Tanaka  and  Hisada  1980),  the 
neurosensory  and  structural  basis  of  host-selection  and  monitoring  of 
liquid- feeding  in  the  hemipteran  beak  (Backus  1985,  1987,  1988;  Backus 
and  McLean  1985) ,  the  protraction/retraction  mechanism  of  the  cyclor- 
rhaphan  dipteran  labellum  (Thomson  1977,  van  der  Starre  1977,  van  der 
Starre  and  Ruigrok  1980) ,  and  the  proboscis  protraction/retraction  and 
pumping  mechanisms  in  adult  lepidopterans  (Eastham  and  Eassa  1955,  Hep¬ 
burn  1971,  B&nziger  1971,  Kingsolver  and  Daniel  1979).  However, 
considerable  attention  has  recently  been  devoted  to  the  biomechanics  of 
suspension  feeding  systems  in  larval  nematoceran  dipterans  and  to  a 
lesser  degree,  in  trichopteran  and  ephemeropteran  naiads.  The  develop¬ 
ment  of  a  body  of  theory  outlining  possible  passive  and  active  mecha¬ 
nisms  for  suspended  particle  capture  (Rubenstein  and  Koehl  1977; 
LaBarbera  1978,  1984),  largely  from  examples  from  the  marine  realm,  has 
prompted  examination  of  some  aquatic,  filter- feeding  insects.  These 
studies  have  concentrated  on  (i)  the  relationship  of  mouthpart  vestiture 
to  trapped  particle  size  and  fluid  dynamics,  (ii)  the  designation  of 
spatially-based  mouthpart  units,  either  informally  or  formally,  to 
establish  flow- creation,  particle- interception  and  particle-retention 
ensembles  of  mouthpart  elements  and  (iii)  elucidation  of  temporally - 
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based  mouthpart  systems,  whose  sequential  deployment  results  in  creation 
of  appropriate  current  structure  for  the  trapping  and  securing  of 
particles  (Braimah  1987a,  1987b;  Merritt  and  Craig  1987;  Dahl  et  al. 
1988) .  Techniques  for  functional  inference  are  principally  cine  films 
for  behavioral  documentation,  scanning  electron  microscopy  for  determi¬ 
nation  of  often  ultrafine  mouthpart  vestiture,  and  functional  analysis 
of  mouthpart  musculation  and  associated  movement  (Tanaka  and  Hisada 
1980,  Craig  and  Chance  1982,  Gigu&re  and  Dill  1983;  see  Smith  [1985]  for 
a  review  of  the  above-mentioned  and  other  examples.) 
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CHAPTER  4 


INSECT  MOUTHPART  STRUCTURE  AND  RELATED  ISSUES 
Since  insect  mouthparts  consist  of  characteristic  structures 
occurring  on  specified  head  segments,  each  of  which  are  fundamentally- 
represented  in  virtually  all  major  groups  of  insects,  a  general  discus¬ 
sion  of  insect  head  segmentation  is  an  appropriate  context  for  introduc¬ 
ing  a  descriptive  account  of  mouthpart  structure.  I  will  then  briefly 
note  the  problems  of  homologizing  mouthpart  structure  within  the  class. 
Finally,  I  will  provide  a  discussion  of  mouthpart  structure  in  general¬ 
ized  forms,  which  is  the  primitive  condition  for  all  insects,  and  will 
finish  with  examples  of  deviation  from  the  generalized  condition. 

4.1.  Insect  Head  Segmentation 

Perhaps  no  other  aspect  of  insect  anatomy  has  engendered  as  much 
controversy  as  the  number  and  identification  of  head  segments  (Gillott 
1982).  The  debate  originated  by  embryologists  during  the  1900's  (e.g. 
Folsom  1900,  Heymons  1901,  Borner  1909,  Hoffman  1911)  who  proposed 
various  numbers  of  head  segments,  principally  in  apterygotes,  and 
identified  these  segments  with  particular  coelomic  sacs  or  embryonic 
ganglionic  masses  (neuromeres) .  Later  during  the  century,  morphological 
and  embryological  studies  extended  the  enumeration  and  characterization 
of  head  segments  to  pterygotes,  including  milkweed  bugs  (Butt  1949), 
earwigs  (Lhoste  1951)  and  stick-insects  (Bitsch  1963).  By  that  time 
some  of  the  claims  of  the  earlier  workers  were  reversed,  including  the 
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unreliability  of  using  hypopharyngeal  coelomic  cavities  to  demarcate 
segment  presence  (Anderson  1959) ,  and  the  absence  of  any  "superlingual 
segment"  since  superlingulae  were  later  demonstrated  to  have  a  mandibu¬ 
lar  origin  (Tiegs  1940) . 

Although  there  are  currently  more  disagreements  than  agreements 
regarding  insect  head  segmentation,  the  situation  is  probably  more 
resolved  than  any  time  during  the  recent  past.  Several  items  still 
elude  an  acceptable  solution,  namely  (i)  the  definitive  presence  of  an 
acron  homologous  to  the  prostomium  of  annelids,  (ii)  the  presence  of  a 
"labral  segment"  and  whether  it  bears  a  labrum  that  may  or  may  not  be 
appendicular  and  bilobed  in  structure,  (iii)  the  presence  of  an  antennal 
segment  and  the  related  issue  of  whether  antennae  are  true  appendages 
that  are  homologous  to  a  generalized  limb  and  (iv)  identification  of  the 
"intercalary  segment"  (or  "premandibular  segment")  and,  if  it  exists, 
whether  it  contributes  tissue  to  head  or  mouthpart  formation.  On  a 
brighter  note ,  several  patterns  of  head  segmentation  have  widespread 
agreement.  First,  virtually  all  researchers  agree  on  the  existence  of 
the  posteriormost  three  segments  of  the  insect  head- -the  gnathal 
segments  of  the  mandible,  maxilla  and  labium.  Second,  among  embryolo¬ 
gists,  the  total  number  of  segments  hovers  at  either  six  or  seven. 
(Researchers  using  external  structure  as  a  criterion  posit  a  segmenta¬ 
tion  number  with  much  more  variability,  ranging  from  three  to  nine 
according  to  Matsuda  [1965]  or  three  to  seven  according  to  Rempel  [1975] 
and  Gillott  [1980].)  Lastly,  it  appears  that,  with  few  exceptions  (e.g. 
Chaudonneret  1960) ,  most  embryologists  and  morphologists  assess  the 
number  of  cephalic  neuromeres  at  six.  The  first  three  neuromeres 
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comprise  the  brain  and  the  last  three  are  termed  the  subesophageal 
ganglion,  which  contains  ganglionic  regions,  each  associated  with  a 
gnathal  segment. 

The  major  message  of  a  near-century  of  extensive  embryological  and 
morphological  research  on  a  very  diverse  and  phenotypically  plastic 
group  of  arthropods  is  that  the  insect  head  probably  has  six  segments 
(Matsuda  1965,  Rempel  1975) - -specifically  (i)  the  preantennal  segment 
bearing  the  eyes  and  containing  the  protocerebrum,  (ii)  the  antennal 
segment  bearing  the  antennae  and  including  the  deutocerebrum,  (iii)  the 
relatively  reduced  intercalary  (premandibular)  segment,  bearing  probably 
the  epipharynx  and  having  the  tritocerebrum  as  its  neuromere,  (iv)  the 
mandibular  segment,  bearing  the  mandibles  and  consisting  of  the  anterior 
region  of  the  subesophageal  ganglion,  (v)  the  maxillary  segment,  bearing 
the  maxillary  appendages  and  consisting  of  the  medial  region  of  the 
subesophageal  ganglion  and  lastly  (vi)  the  labial  segment,  bearing  the 
labial  appendages,  including  perhaps  the  gula,  with  its  neuromere 
localized  at  the  posterior  part  of  the  subesophageal  ganglion.  It 
appears  that  a  major  issue  is  whether  the  preantennal  segment  is 
independent  of  the  acron  (clypeolabral  segment)  or  is  lost  (cf.  Matsuda 
1965  with  Rempel  1975;  Richards  and  Davies  1977).  If  the  two  are 
recognizably  separate,  then  true  head  segmentation  would  number  seven 
(Snodgrass  1960,  Denis  and  Bitsch  1973). 
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4.2.  The  Problem  of  Homology 

Embryological ,  morphological  and  paleontological  evidence  indicates 
that  at  least  the  gnathal  mouthpart  appendages  are  serially  homologous 
to  a  generalized  insect  walking  limb  (Snodgrass  1935,  Chapman  1982; 
Kukalovd - Peck  1985,  1987).  This  homology  is  best  evident  in  some  fossil 
insect  material  from  the  Early  Pennsylvanian  (Kukalov4-Peck  1985,  1987) 
or  from  the  maxillary  palps  of  certain  extant  apterygote  insects  (Sharov 
1966) .  The  palpus /walking  limb  homology  is  based  on  appendage  position, 
appendage  segment  number,  internal  and  independent  musculation  of  each 
appendage  segment,  and  other  features. 

Although  the  palpus /walking  limb  homology  appears  straight-forward, 
there  are  several  difficulties  in  recognizing  homology  in  other,  less 
discernible  mouthpart  regions.  Traditional  morphological  description 
and  analysis,  which  is  the  approach  taken  by  researchers  describing 
adult  insect  mouthparts ,  often  with  little  or  no  embryological  or 
paleontological  evidence  available,  uses  position,  musculation  and 
innervation  of  head  and  mouthpart  sclerites  for  their  identification. 
Nevertheless,  it  is  a  common  phenomenon  for  muscles  to  shift  their 
regions  of  attachment,  often  at  a  differential  rate  with  respect  to 
adjacent  sclerites  and  muscles  (DuPorte  1946,  Evans  1961,  Matsuda  1965). 
Use  of  motor  innervation  for  determining  sclerite  homology  has  a  similar 
liability  since  motor  nerves  contain  fibers  that  frequently  have  origins 
from  more  than  one  embryologic  region,  in  many  tax  incorporating 
elements  from  nearby  segments  in  many  forms  (Chapman  1982,  p.  616). 
Because  of  these  uncertainities ,  embryology  serves  as  the  single  best 
criterion  for  determining  sclerite  or  appendage  homology  (Matsuda  1965, 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


31 


but  see  DuPorte  1957  for  a  contrary  view).  However,  embryological 
studies  have  documented  the  development  of  only  a  few,  widely- cited 
insects  cannot  address  problems  of  comparative  morphology  of  most  adult 
insects  described  in  the  mouthpart  literature.  Consequently  the  dilemma 
remains:  although  many  researchers  tacitly  agree  on  the  homologies  of 

insect  mouthparts  and  head  sclerites  based  on  several  lines  of  sugges¬ 
tive,  albeit  imperfect  evidence,  only  in  a  small  portion  of  the  total 
pool  of  insects  characterized  by  mouthpart  descriptions  can  mouthpart 
elements  be  reasonably  traced  to  embryological  anlagen. 

This  study,  based  principally  on  external  macrostructure,  does  not 
assume  phylogenetic  or  structural  homology  among  analogous  structures 
that  function  in  the  same  or  similar  way.  In  most  instances  this  struc¬ 
tural  analogy  will  correspond  to  a  structural  homology.  In  some  cases 
there  is  convincing  evidence  that  the  structurally  and  functionally 
similar  structures  compared  are  not  homologous- -e . g.  the  mouthhooks 
("mandibles")  of  higher  dipteran  larvae  and  the  mandibles  of  generalized 
adult  insects  (Snodgrass  1935,  Cook  1949 ,  Bitsch  and  Denis  1973,  but 
also  see  Ludwig  1949  and  Teskey  1981  for  a  contrasting  view) .  The 
presence  of  analogous  but  not  necessarily  homologous  mouthpart  elements 
in  this  database  is  completely  appropriate ,  even  preferable ,  for  the 
goals  of  this  study.  The  major  impetus  of  this  study  is  to  assess  the 
fundamental  modes  by  which  recent  insect  mouthparts  are  morphologically 
deployed,  irrespective  of  phylogeny.  Morphological  and  functional 
convergence  in  mouthparts  of  insects  belonging  to  phylogenetically 
disparate  groups  can  be  a  strong  statement  regarding  the  ecological  or 
evolutionary  success  of  particular,  recurring  mouthpart  types. 
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4.3.  General  Insect  Mouthpart  Structure 
I  am  defining  insect  mouthparts  as  comprising  all  external,  flexed 
or  otherwise  movable  elements  of  the  head,  exclusive  of  dorsal  sensory 
organs,  that  occur  on  the  anatomical  ventrum  of  the  head.  Insect 
mouthparts  consist  of  five  groups  of  elements- -namely  the  labrum- 
epipharynx,  mandibles,  hypopharynx  and  associated  structures,  maxillae 
and  labium- - that  possess  the  following  characteristics.  (1),  mouthparts 
are  arranged  sequentially,  circumorally  and  in  a  fixed  anatomical 
position  on  the  ventral  region  of  the  head,  in  the  order  enumerated 
above.  Although  generalized  mouthparts  are  situated  on  the  underside  of 
the  head  (the  hypognathous  condition) ,  corresponding  to  the  anatomically 
ventral  region  of  the  primitive  insect  head,  various  modifications  have 
altered  mouthpart  position  on  the  head.  Prolongation  of  the  anterior 
region  of  the  head  results  in  anterior  (prognathous)  mouthparts,  and  the 
posteroventral  canting  of  the  mouthpart  region  results  in  opistognathous 
mouthparts.  (2),  mouthparts  are  either  unpaired  in  the  example  of  the 
lab rum,  some  hyp opharynge s  and  the  mesial  region  of  the  labium,  or  they 
are  paired  as  exemplified  by  some  hyp opharynge s ,  mandibles ,  maxillae  and 
0  the  lateral  aspect  of  the  labium.  (Nevertheless  there  is  embryological 
and  paleontological  evidence  indicating  that  some  functionally  unpaired 
elements,  such  as  the  labrum,  originated  by  mesial  fusion  of  a  pair  of 
lateral  appendages  [KukalovA-Peck  1987,  Smith  1988].)  (3),  with  the 

exception  of  the  Order  Thysanoptera,  mouthparts  are  fundamentally 
bilaterally  symmetrical  at  a  gross  level.  Minor  asymmetries  occur 
occasionally  for  individual  elements  and  are  associated  with  sexual 
dimorphism  or  feeding  modifications.  (4),  mouthparts  consist  either  of 
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skeletal  or  membranous  projections  of  the  head  capsule  (e.g.  labrum- 
epipharynx)  or  true,  embryologically  derived  appendages  (e.g.  maxillae). 
(5),  mouthparts  consist  of  either  single  elements,  such  as  the  labrum 
and  most  mandibles  (some  mandibles  have  articulating  elements,  such  as 
prosthecae  or  laciniae  mobili) ,  or  of  multielements,  such  as  the 
maxillae  and  labium,  composed  of  unsegmented  mesial  projections  and 
segmented  distal  palps.  (6),  insect  mouthpart  elements,  either  within  a 
segmental  region  or  among  two  or  more  segmental  regions,  are  co-opted  to 
produce  a  composite  structure  with  a  single  function.  Examples  include 
the  maxilla  of  a  grasshopper  (an  intrasegmental  multielement  complex)  or 
the  beak  of  a  cinch  bug  (an  intersegmental  multielement  complex) .  (See 
Dullemeijer  1974,  Chap.  8,  for  a  theoretical  treatment  of  multielement 
systems.)  (7),  all  insect  mouthparts  are  ultimately  homologizable , 
albeit  often  with  pronounced  structural  deviation  (Metcalf  1929) ,  from  a 
generalized  groundplan.  (Table  3  summarizes  the  gross  characteristics 
of  insect  mouthparts . ) 

4.4.  A  General  Account  of  Mouthpart  Structure 
The  primitive  condition  for  insect  mouthparts  is  the  generalized 
mandibulate  state  (Frost  1959;  Boudreaux  1987).  This  is  true  for 
apterygotes  as  well  as  pterygotes .  However,  two  major  mouthpart -related 
distinctions  exist  between  the  three  apterygote  groups  and  the  group 
comprising  the  Thysanura  and  Pterygota.  The  former  are  entognathate  and 
possess  monocondylous  mandibles,  whereas  the  latter  are  ectognathate  and 
bear  dicondylous  mandibles.  One  group,  the  Archaeognatha,  occupies  an 
intermediate  condition  characterized  by  mandibular  monocondyly  and 
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SUMMARY  OF  GROSS  CHARACTERISTICS  OF  HEXAPOD  MOUTHPARTS 
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ectognathy.  These  characters  may  have  more  phylogenetic  importance  than 
functional  significance  since,  with  the  exception  of  the  ability  of 
monocondylic  mandibles  to  slide  dorsoventrally  in  apterygotes  (Kukalov4- 
Peck,  pers.  comm.),  the  basic  feeding  mechanism  is  quite  similar  between 
apterygote  forms  and  primitive  pterygote  forms.  Realizing  these 
mouthpart  distinctions,  I  will  provide  a  brief  account  of  the  general¬ 
ized  mouthpart  condition  for  lower  pterygote  (or  "orthopteroid")  insects 
(see  Table  1  for  informal  nomenclature  of  hexapod  groups) .  Some  of  the 
ensuing  discussion  comes  from  Snodgrass  (1935),  Matsuda  (1965),  Richards 
and  Davies  (1977)  and  Smith  (1985). 

4.4.1.  Labrum  and  Epipharynx. 

The  labrum,  informally  termed  the  "upper  lip,"  consists  of  an 
unpaired,  single  element  (Smith  1985)  that  projects  downward  and  is 
located  anterior  to  the  preoral  cavity.  It  is  proximally  attached  to 
the  clypeus  and  is  delimited  from  the  clypeus  by  the  clypeolabral 
suture.  Although  the  clypeus  has  limited  mobility,  the  labrum  is  cap¬ 
able  of  retraction,  production,  reduction  and  lateral  movements  (Snod¬ 
grass  1947) .  These  motions  are  effected  by  labral  muscles  originating 
on  the  frontal  region  of  the  head  capsule  and  inserted  into  either  the 
proximal  transverse  margin  of  the  labrum  or  on  small,  sclerified 
extensions  occurring  at  the  proximal  lateral  angles,  known  as  tormae. 
Often  the  labrum  is  indistinctly  to  completely  fused  to  the  clypeus, 
forming  a  composite  structure,  the  clypeolabrum  (Snodgrass  1935).  In 
forms  with  piercing  mouthparts,  the  labrum  either  is  a  triangular  beak 
brace  or  a  stylet,  often  in  conjunction  with  the  epipharynx. 
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The  epipharyngeal  wall  forms  the  internal  surface  of  the  labrum  and 
clypeus  and  is  subject  to  considerable  modification.  Since  the  epiphar- 
ynx  forms  the  anterior  membranous  surface  of  the  food  chamber,  it  is  an 
important  organ  for  gustation.  Its  surface  frequently  bears  hairs, 
pectinate  setae,  pustulate  sensillae,  molariform  denticles,  or  other 
processes  used  in  food  manipulation  or  sensation.  In  many  forms  the 

epipharynx  serves  as  a  tongue  and  is  used  in  compressing  food  within  the 
oral  chamber. 

4.4.2.  Mandibles 

Insect  mandibles  are  paired,  usually  simple  appendages  situated 
lateral  to  the  oral  chamber  and  moved  by  strong  mesially-directed 
adductor  muscles  necessary  for  comminuting  food.  Weaker  abductor 
muscles  are  responsible  for  extending  the  mandibles  abaxially  in  a 
position  that  can  be  acted  on  by  the  abductor  power  stroke.  Adductor 
and  abductor  muscles  work  in  opposition  to  each  other,  originating  on 
the  head  capsule  dorsum  and  inserting  on  apodemes  located  on  the  mesial 
and  distal  margins  of  the  mandibular  base,  respectively,  for  efficient 
leverage.  Apterygote  mandibles  exclusive  of  thysanurans  articulate  with 
the  head  capsule  by  one  condyle  only  and  are  additionally  capable  of 
some  up-and-down  sliding  movement  (Manton  1977).  By  contrast,  thysan- 
uran  and  pterygote  mandibles  are  dicondylous  and  possess  strong  trans¬ 
verse  movement.  Generally  the  abductor/adductor  hinge  plane,  delineated 
by  the  anterior  and  posterior  mandibular  condyles,  is  quite  long  and  is 
positioned  parallel  to  the  sagittal  axis  for  lateral  jaw  movement. 
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Mandibular  structure  is  characterized  by  a  wide,  usually  triangular 
base  bearing  apodemes  for  muscular  attachment  and  condyles  for  mandible/ 
head  capsule  articulation.  From  the  proximal  base,  the  mandible  tapers 
distally  to  one  or  more  teeth.  The  mandible  can  bear  a  variety  of 
differentiated  teeth  or  other  processes.  Usually  the  teeth  consist  of 
either  molars,  usually  nonterminal,  basally  located  projections  charac¬ 
terized  by  blunt  or  flat  cusps  used  primarily  for  grinding  food;  or 
incisors,  characterized  by  more  terminally- located  prongs  with  acute  to 
acuminate  tips  and  used  for  tearing  or  even  piercing  food.  Insects 
possess  mandibles  that  can  consist  entirely  of  molars,  entirely  of 
incisors,  some  combination  of  molars  and  incisors,  or  even  be  edentu¬ 
lous.  In  addition,  mandibles  may  bear  basal  setae,  hairs,  denticle 
ridges  or  pectines  and  articulatory  processes  known  as  prosthecae  or 
lacinae  mobili.  Mandibular  dentition,  articulatory  processes  and 
surface  vestiture  are  often  cited  as  evidence  for  the  feeding  habits  of 
insects  (Isely  1944;  Gangwere  1960,  1965;  Chapman  1965;  Liebermann  1968; 
Patterson  1984) . 

4.4.3.  Hypophamx 

The  hypopharynx  is  an  unpaired,  single-  or  multielement  extension 
of  the  ventral  head  region.  Although  the  anatomical  limits  of  the 
hypopharynx  are  less  circumscribed  than  the  gnathal  appendages,  two 
recurring  features  are  prominent  in  many  insect  groups .  These  are  the 
medial  lingua,  or  tongue,  and  the  paired,  lateral  superlingulae- -also 
variously  known  as  the  paragnatha,  paraglossae  or  maxillulae  (Crampton 
1921,  Evans  1921),  which  occur  separately  or  conjointly.  The  lingua  is 
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best  interpreted  as  a  multifunctional  organ.  It  is  involved  in  extra¬ 
oral  digestion  since  the  salivary  duct  discharges  secretions  into  the 
oral  cavity  at  the  lingual  base  in  many  groups.  It  is  also  a  tonguelike 
gustatory  organ  that  emplaces  food  into  the  true  mouth  (Smith  1985) .  In 
certain  adult  dipterans,  the  hypopharynx  is  modified  into  a  stylet  that 
is  furnished  with  re trally- directed  barbs  and  a  terminal  salivary  duct 
for  injecting  proteolytic  enzymes  into  prey. 

4.4.4.  Maxillae 

Maxillae  are  paired,  multielement  appendages  anchored  to  the 
pleural  region  of  the  head  by  a  single  condylic  articulation  and  several 
muscular  attachments,  and  are  located  between  the  mandibles  and  labium. 
The  basal  or  dorsal  region  of  the  maxilla  consists  of  two  sclerites--a 
proximal  cardo  and  a  more  distal  stipes,  the  junction  of  which  is 
characterized  usually  by  a  membranous  joint  capable  of  flexion.  Muscles 
responsible  for  movement  of  the  entire  structure  or  only  the  cardo  have 
their  origin  either  on  the  internal  head  capsule  wall  or  on  derivative 
apodemes  in  apterygotes  (Hoffmann  1905).  Alternatively,  in  pterygotes, 
such  muscles  originate  from  both  the  head  wall  and  various  branches  of 
the  endoskeleton,  or  tentorium  (Hudson  1945) .  * 

Ventrally,  the  maxilla  consists  of  two  mesially-directed  lobes  and 
a  distal,  segmented  palp.  The  two  projecting  lobes  consist  of  an  inner 
lacinia  and  an  outer  galea.  Usually,  the  lacinia  is  more  sclerotized 
than  the  galea  and  it  often  bears  hairs ,  brushes  or  pectinate  structures 
proximally  and  dentate  spines  distally.  The  galea  is  generally  spatu- 
late  or  otherwise  lobelike  in  form  and,  like  the  lacinia,  it  is  capable 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


39 


of  some  flexion  from  muscles  having  their  origin  in  the  stipes.  The 
palpus ,  borne  on  an  often  inconspicuous  prominence  of  the  stipes ,  the 
palpifer,  generally  comprises  five  segments  that  are  collectively 
musculated  for  rotation,  levation  and  depression,  and  are  individually 
musculated  for  flexion  (Matsuda  1965) .  Palps  serve  primarily  as  organs 
of  tactile  sensation,  albeit  they  can  detect  gustatory  and  chemical 
signals  (Chapman  1982) . 

4.4.5.  Labium 

The  labium  is  an  unpaired,  multielement  appendage  informally  known 
as  the  "lower  lip"  (Lucas  1923-24)  and  represents  ancestrally  the 
conjoined  second  maxillae  in  forms  such  as  the  Crustacea  (Snodgrass 
1935).  (As  such,  it  represents  a  once  paired  structure  that  has  become 
unpaired  through  fusion. )  The  labium  consists  of  appendiculate  and  body 
elements  homologous  to  similar  structures  occurring  in  the  maxillae. 
These  include  ventrally  projecting,  mesial  lobes- -a  pair  of  inner 
glossae  and  outer  paraglossae- -and  distally  a  pair  of  usually  three- 
segmented  palpi  that  are  borne  on  palpigers.  The  variously  sclerotized 
body  of  the  labium  is  usually  divided  into  a  proximal  postmen turn  and  a 
distal  prementum  that  bears  glossae,  paraglossae  and  palpi.  The  post- 
mentum,  in  turn,  is  further  subdivided  into  a  proximal  submentum  and  a 
distal  mentum.  The  postmentum  is  transversely  attached  to  the  neck 
membrane  between  the  posterior  tentorial  pits  and  embryologically 
represents  the  fusion  of  the  second  maxillary  cardines  and  the  ventral 
labial  sclerite.  The  prementum  is  divided  into  a  central  body  of  the 
prelabium,  and  all  appendages  and  lobes  of  the  postlabium.  The 
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prementum  is  also  variously  sclerotized  and  is  homologous  to  the 
conjoined  maxillary  stipites;  it  contains  origins  of  muscles  responsible 
for  palp  and  lobe  movement.  It  is  more  movable  than  the  postmentum 
since  it  contains  insertions  of  retractor  and  adductor  muscles  originat¬ 
ing  from  the  posterior  tentorium. 

The  glossae  and  paraglossae,  collectively  termed  the  ligula 
(Chapman  1982),  are  frequently  fused  into  various  central  body,  lobe  and 
appendage  configurations .  In  some  aquatic  forms ,  glossae  and  para¬ 
glossae  are  fused  to  form  a  labial  scoop  and  in  dragonfly  naiads  the 
entire  labium  is  modified  into  an  elongate ,  retractile  structure  with 
raptorial  claws,  known  as  a  labial  mask  (Butler  1904,  Lucas  1923-24). 

In  bees  only  the  glossae  are  conjoined  and  they  are  prolonged  into  a 
long,  hairy  tongue.  Frequently  the  glossa  and  paraglossa  on  one  side 
are  fused  to  form  a  broad,  tongue- like  structure.  In  some  holometabo- 
lous  larvae,  the  ligular  region  is  indistinguishably  fused  to  the  hypo- 
pharynx,  forming  a  composite,  silk-producing  structure,  the  spinneret. 

4.5.  Departures  from  the  Generalized 
Mouthpart  Condition 

Probably  no  group  of  structures  in  the  animal  kingdom 
exhibits  a  better  example  of  the  adaptive  modification  of 
originally  similar,  serially  arranged  organs  to  very 
different- looking  structures  and  to  diverse  functions 
as  insect  mouthparts  (Metcalf  1929,  p.  110). 

Mouthparts  from  two  or  more  head  segments  have  contributed  to  the 
formation  of  composite,  multielement  structures  in  many  structurally- 
derived  insect  groups ,  especially  holometabolous  adults .  Although 
intersegmental  co-optation  of  elements  has  taken  numerous  themes,  the 
most  prominent  and  recurring  one  is  the  formation  of  stylet-bearing 
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mouthparts  ensheathed  wholly  or  partially  by  a  haustellum.  Mouthparts 
with  piercing  stylets  are  homologous  to  mandibulate  mouthparts  (Frost 
1959)  and  are  characterized  by  three  major  features.  First,  the  stylets 
originate  by  a  transformation  of  primitively  robust,  transversely-biting 
mandibles  musculated  by  adductor  and  abductor  muscles  into  derived, 
stiletto -shaped,  piercing  structures  characterized  by  protraction  and 
retraction.  (Dajoz  [1976]  has  cogently  documented  a  transformation 
series  from  mandibulate  mouthparts  to  stylet-bearing  mouthparts  among 
related  genera  in  the  beetle  family  Cerylonidae . )  Secondly,  most 
piercing  mouthparts  are  typified  by  a  multielement  tubular  structure, 
the  haustellum,  which  is  constructed  from  the  lab rum  and  main  body  of 
the  labium  and  houses  the  stylets.  Lastly,  piercing  mouthparts  are 
almost  always  associated  with  a  sucking  pump,  either  clypeally  located 
or  occurring  within  the  pharyngeal  region.  Stylet-bearing  mouthparts 
are  almost  always  hypognathous  or  opistognathous  and  the  movable 
mouthpart  ensemble  is  usually  retractable.  In  some  instances  stylet¬ 
bearing  mouthparts  occur  without  a  haustellum  and  thus  operate  without 
any  channel,  guide,  or  tube  for  stylet  entrainment.  Stylet-bearing 
mouthparts  are  invariably  used  for  the  uptake  of  liquid  food. 

Other  major  deviations  from  the  generalized  condition  include 
derived  mouthpart  types  used  for  feeding  on  surface  fluids .  These 
include  forms  bearing  (i)  a  siphon,  such  as  butterflies,  (ii)  a  long, 
hairy  tongue,  such  as  bees  and  (iii)  a  fleshy  expansion  of  the  distal 
region  of  the  labium,  which  occurs  in  "nonbiting"  flies.  Siphon-bearing 
mouthparts  capitalize  on  a  fusion  and  elongation  of  the  maxillary  galeae 
into  a  tubular  structure  used  for  inbibing  fluids.  The  presence  of  a 
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powerful  clypeal  pump  provides  sufficient  negative  pressure  to  effect 
flow  of  fluids  into  the  galeal  siphon.  Other  forms  feature  a  prolonga¬ 
tion  of  the  conjoined  glossae  into  a  long,  flexible  tongue  used  for 
lapping  nectar  or  similar  fluids.  As  the  glossal  tongue  is  withdrawn 
toward  the  head,  clasping  galeae  squeeze  fluid  into  the  mouth  cavity 
(Harder  1982) .  An  alternative  hypothesis  holds  that  a  tube  is  tempo¬ 
rarily  constructed  during  feeding  by  overlapping  galeae  that  form  the 
dorsal  and  lateral  tube  walls,  and  by  appressed  labial  palps  that  form 
the  ventral  tube  wall  (Snodgrass  1942,  1956).  Accordingly,  fluid  food 
ascends  the  glossa  by  capillary  action  and  is  actively  sucked  into  the 
mouth  by  action  of  a  cibarial  and  pharyngeal  pump  once  it  reaches  the 
tube.  The  last  major  type  of  modification  are  forms  with  a  distal, 
broad,  fleshy  expansion  of  the  labium,  the  labellum.  Labellum-bearing 
mouthparts  consist  of  an  intricate,  microtracheal  system  used  for 
capillary  uptake  of  surface  fluid  on  the  labellum,  followed  by  a  labial 
gutter  or  similar  channel  for  transportation  of  the  labellar  fluid  up 
the  proximal  part  of  the  labial  proboscis  and  into  the  mouth. 

A  unique  modification  of  generalized  mandibulate  mouthparts  occurs 
in  nominally  mandibulate  larvae  of  the  Planipennia  whereby  a  gracile, 
falcate  mandibulo -maxillary  complex  is  used  to  suck  fluids  from  prey. 
This  multielement  system  is  dominated  by  a  joining  of  the  mandible  and 
maxillary  lacinia  to  form  temporary  canals  used  for  secretion  of 
proteolytic  enzymes  and  sucking  of  liquified  prey  contents  (see  Wundt 
1961  or  Zwick  1967  for  detailed  discussions).  A  similar  structure 
occurs  among  some  coleopterous  and  dipterous  larvae,  wherein  tubular 
mandibles  are  used  solely  to  pierce  prey  and  suck  prey  fluids. 
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Many  other  examples  of  composite  mouthpart  structures  exist,  but 
they  are  mostly  restricted  taxonomically  to  particular  families  or  even 
genera.  For  a  documentation  of  the  basic  groundplan  of  the  insect  head 
and  mouthparts  and  its  major  departures  in  fluid- feeding  and  other 
groups,  see  Chaudonneret  (1982-1989). 
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CHAPTER  5 


THE  VARIABLES:  THE  USE  OF  HEAD  AND 
MOUTHPART  FEATURES  AS  FUNCTIONAL  INDICATORS 

The  data-set  consists  of  a  matrix  of  49  characters,  or  variables, 
and  1365  samples,  or  cases.  Each  character  is  subdivided  into 
qualitatively-based  character - s tates ,  ranging  in  number  from  three 
(Character  5)  to  nineteen  (Character  39) .  The  characters  are  grouped 
into  three  anatomic  regions:  (i)  mouthpart- related  features  of  the  head 
and  sense  organs  (Character -Groups  I  and  II,  Characters  1  to  11),  (ii) 
general  features  of  mouthpart  structures  (Character -Group  III,  Charac¬ 
ters  12  to  17)  and  (iii)  general  and  specific  aspects  of  particular 
mouthpart  regions  (Character -Groups  IV  to  IX,  Characters  19  to  49).  (A 
list  of  character- groups ,  characters  and  character -states  is  provided  in 
Appendix  A . ) 


5.1.  Rationalization  for  Choice  of  Characters 
Several  considerations  have  guided  my  choice  of  charac  ters  and 
their  subdivision  into  character -s tates .  First,  I  chose  characters 
present  in  virtually  all  hexapods.  Second,  I  have  opted  for  gross 
characters  that  are  sufficiently  coarse-grained  that  they  can  yield  an 
appropriate  morphologic  description  of  a  group  as  structurally,  func¬ 
tionally  and  ecologically  diverse  as  hexapods ,  but  yet  sufficiently 
fine-grained  to  provide  discrimination  among  significantly  different 
hexapod  subgroups.  This  delicate  balance  is  expressed  by  a  rejection  of 
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those  characters  that  reasonably  would  be  unable  to  distinguish  major 
mouthpart  groups  and  by  acceptance  of  those  gross  characters  that  are  a 
direct  expression  of  general  mouthpart  function.  For  example  Winston 
(1979)  ,  in  an  excellent  analysis  of  the  maxillolabial  complex  of  apoid 
bees,  provides  an  example  of  characters  that  are  too  fine-grained  to  be 
applicable  in  this  study.  Most  of  Winston's  characters,  such  as 
presence  of  a  stipital  comb,  paraglossa/glossa  relative  length  and 
palpiger  vestiture,  to  mention  a  few,  would  not  yield  sufficient 
resolving  power  for  the  present  study.  Also,  structures  such  as 
sensillae  (e.g.  Baker  and  Chan  1987)  are  poorly  documented  in  most 
primary  mouthpart  references  and  are  unimportant  for  determining  gross 
structure.  Additionally,  I  have  generally  excluded  muscle -related 
characters  since  their  determination  is  often  incomplete,  their  documen¬ 
tation  is  exceedingly  uneven  across  most  mouthpart  studies,  and  there 
are  numerous  problems  with  "homologization"  of  muscle-type  nomenclature 
(Matsuda  1965,  Smith  1985).  Moreover,  muscle -related  features  are 
rarely  preserved  in  fossils  (vide  infra ) . 

Most  important  of  all,  I  was  particularly  concerned  in  using 
characters  which  have  direct  or  indirect  functional  correlations  to 
various  aspects  of  insect  feeding  or  diet.  In  this  context  I  have 
documented  anecdotal  observations ,  biometrical  studies  and  functional 
morphological  correlates  between  the  mouthpart  characters  used  in  this 
study  and  respective  diet  (Sections  5.3  to  5.11).  Thus  the  principal 
basis  of  my  choice  of  characters  is  that  they  have  strong  associations 
with  diet.  In  this  context  the  most  preferable  association  is  direct 
functional  correlation- -a  functional  relationship  between  a  structure 
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and  either  a  feeding-related  activity  or  diet  of  a  hexapod.  An  indirect 
functional  correlation  is  a  functional  relationship  between  a  structure 
and  another,  usually  adjacent,  structure  which,  in  turn,  posesses  a 
connection  to  a  particular  feeding  activity  or  diet. 

There  are  also  more  prosaic  reasons  for  my  choice  of  characters.  I 
selected  characters  that  have  a  high  probability  of  being  described  in  a 
vast  body  of  mouthpart  literature  which  has  considerable  variation  in 
intensity  and  completeness  of  coverage.  (In  effect,  this  means  incorpo¬ 
ration  of  all  obvious,  major,  external  structures  of  the  insect  head  and 
mouthparts.)  Also,  a  decision  was  also  made  to  select  those  attributes 
that  would  have  a  high  likelihood  of  being  present  in  specified,  well- 
preserved  fossil  deposits- -the  subject  of  a  future  study.  Thus  many 
typically  nonpreservable ,  internal  cranial  and  mouthpart  characters  were 
not  used.  I  also  have  established  the  upper  limit  of  variable  number  at 
around  50,  opting  for  greater  sample  coverage  instead. 

Although  hexapod  mouthparts  exhibit  a  wealth  of  structural  diversi¬ 
ty,  I  opted  to  select  those  characters  that,  once  fulfilling  the 
criterion  of  dietary  or  feeding  mode  relevancy  above,  represent  an 
eclectic  sample  of  all  mouthpart  regions  (clypeal-labral,  "pharyngeal," 
mandibular,  maxillary,  labial)  and  a  representative  sample  of  head 
measures  that  are  appropriate  to  diet  or  feeding  style.  I  used  several 
types  of  characters  to  express  head  and  mouthpart  structure,  specifical¬ 
ly  quality,  shape,  aspect-ratio  (a  measure  of  size),  number  and  an 
evaluation  of  mouthpart  element  co-optation  between  or  among  mouthpart 
regions  (Fig.  1).  These  types  of  characters  logically  express  a 
meaningful  description  of  mouthpart  form  by  reference  to  several  and  not 
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FIGURE  1.  Matrix  showing  relationships  between  character- groups , 
groups,  characters,  and  type  of  characters  for  cases  of  the  data 
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only  one  or  two  indices  of  comparison.  Although  other  characters  could 
have  been  chosen,  the  ones  of  the  present  study  succinctly  encompass 
those  aspects  of  gross  mouthpart  structure  (e.g.  head  shape,  mandible 
type,  palpal  segmentation)  that  is  likely  to  interact  directly  with 
consumed  food  materials  or  participate  in  a  particular  feeding  mode.  It 
is  doubtful  whether  significantly  different  results  would  be  obtained  if 
other  characters  were  used  that  represent  different  features  of  the  same 
basic  types  mentioned  above. 

Character-states  were  assigned  to  each  character  in  the  following 
way.  Each  character  was  describable  by  quality,  shape,  number,  aspect 
ratio  or  co-optation  with  other  mouthpart  elements  (Fig.  1).  For  each 
character,  character- states  were  determined  initially  by  a  comprehensive 
survey  of  the  mouthpart  literature.  These  character -states  were  then 
used  as  a  tentative,  a  priori  classification  system  during  the  formal 
data- gathering  process  and  were  modified  on  occasion  as  previously 
unrealized  character- states  were  encountered.  After  the  data- gathering 
stage  was  completed,  the  character- states  for  each  character  were 
evaluated  a  posteriori  for  discreteness.  On  occasion  character -states 
were  split  into  separarate  character - s tates ,  or  character- states  were 
consolidated.  Thus  the  resulting  character- state  classification 
represents  a  three  phase  process  of  initial  evaluation,  ongoing  reas¬ 
sessment  during  gathering  of  data,  and  re-evaluation  during  a  final 
analysis  of  discreteness.  In  those  cases  where  it  was  difficult  to 
split  or  lump  character-states,  I  opted  for  a  consistency  criterion  with 
respect  to  other  character -states  of  the  same  character.  Thus  the 
degree  of  difference  in  the  character- state  under  consideration  had  to 
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match  or  exceed  the  degree  of  difference  among  other  recognized 
character -states  of  the  same  character. 

5.2.  Functional  Significance 
of  the  Characters  Used 

The  characters  are  arranged  hierarchically  (Appendix  A)  and 
describe  various  general  and  specific  properties  of  mouthparts  and 
relevant  head  features.  Both  broad- scale  (Groups  I  to  IV)  and  more 
narrowly- focused  (Groups  V  to  IX)  characters  were  used,  to  ascertain 
overall  mouthpart  structure  of  insects  (Fig.  1).  Character- groups 
pertaining  to  particular  mouthpart  regions  included  character- states 
describing  individual  elements  as  well  as  character -states  describing 
multielement  complexes  formed  by  the  intimate  co-optation  of  elements 
within  or  among  mouthpart  regions.  Examples  of  single  elements  include 
galeal  modifications  (Character  38)  or  paraglossal  modifications 
(Character  47) ,  and  examples  of  multielement  complexes  include  basic 
mouthpart  type  (Character  12)  and  participation  of  the  mandibles  in  a 
multielement  mouthpart  structure  (Character  31).  Notably,  correlation 
exists  among  those  characters  that  participate  in  a  mouthpart  complex 
occurring  within  a  mouthpart  region,  or  among  those  characters  of 
various  mouthpart  regions  that  contribute  elements  to  the  same  multi¬ 
element  complex. 

The  following  discussion  documents  the  direct  and  indirect  rela¬ 
tionship  between  a  particular  character  or  character- state  and  some 
feature  of  feeding  or  diet.  For  purposes  of  brevity  I  do  not  discuss 
every  character- state,  nor  do  I  attempt  to  discuss  all  major  feeding  and 
dietary  implications  of  head  or  mouthpart  structure.  Since  many  of  the 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


50 


characters  are  assemblages  of  elements  that  function  collectively  rather 
than  independently,  some  of  the  ensuing  discussion  necessarily  will  be 
repetitive  because  of  separate  treatments  of  the  elements  in  their 
respective  mouthpart  region.  The  functional  significance  of  some 
characters  will  undoubtedly  be  more  convincing  than  others.  It  is 
significant  that  those  characters  with  greater  completeness  of  documen¬ 
tation  and  cogency  of  functional  interpretation  are  single  elements. 

Well -documented  single  elements  are  the  gular  region  (Character  4) , 
placement  of  mouthparts  on  the  head  capsule  (12) ,  mouthpart  symmetry 
(15),  hypopharynx  type  (25),  epipharynx  type  (26),  mandible  type  (28), 
mandibular  dentition  (29),  galeal  modifications  (38)  and  lacinial 
modifications  (39).  Multielement  exceptions  are  basic  mouthpart  type 
(12)  and  labial  participation  in  multielement  mouthpart  structure  (49) 
Furthermore ,  this  discussion  is  applicable  only  to  the  patterns  gleaned 
from  the  1365  taxa  studied,  presumably  a  representative  sampling  of 
insects . 


5.3.  Character  Group  I:  Head  Shape  and 
General  Mouthpart -Related  Structures 

Four  of  the  characters  in  this  character -group  (1,  2,  7  and  8) 
mostly  describe  general  features  of  the  head  and  proboscis  that  are 
related  to  life -habits  and  feeding  strategy.  For  example,  proboscis - 
bearing  forms  generally  are  fluid- feeders  with  mouthpart  structures 
designed  to  reach  deep  into  prey  or  into  plant  organs  inacessible  to 
forms  with  more  typical  mandibulate  mouthparts.  The  other  characters 
(3>  4-,  5  and  6)  refer  to  particular  head  regions  or  sclerites  that  are 
present  or  developed  in  conjunction  with  certain  mouthpart  states.  The 
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association  of  strong  gular  development  with  forwardly- directed  mouth- 
parts  is  a  case  in  point. 

5.3.1.  Head  Shape 
(Character  1) 

Most  insects  bear  a  head  that  is  approximately  spheroidal  in  shape 
(Fig.  2).  However,  highly  visual  adult  forms  that  rely  primarily  on 
sight  for  location  of  food  have  well -developed,  laterally  placed  eyes 
and  possess  transversely- elongated  heads  (odonatans,  myrmeleontid 
planipennians  and  lepidopterans ,  for  example).  Forms  with  vertically 
elongated  rostra  (nemopterid  planipennians,  mecopterans)  or  downwardly- 
hanging  mouthparts  (dipterans,  most  hymenopterans)  tend  to  be  fluid- 
feeders  or  small -particle  feeders  (Hobby  and  Killington  1934,  Picker 
1987).  Forms  with  anteriorly  prolonged  heads,  as  a  group,  lack  any 
pattern  between  head  shape  and  feeding  or  diet ,  but  include  forms  such 
as  herbivorous  orthopteroid  insects ,  sanguinivorous  heteropterans  and 
seminivorous  curculionoids .  Many  holometabolous  larvae  are  a  special 
case:  they  are  specialized  folivores  with  a  head  capsule  that  is  partly 
retracted  into  the  thorax. 

There  is  limited  evidence  suggesting  that  head  mass  and  size  can  be 
a  direct  consequence  of  diet  type.  Orthopterans  chewing  on  tough  grass 
possess  twice  the  head  mass  than  conspecific  forms  feeding  on  soft  forbs 
(Bernays  1986,  Bernays  and  Hamai  1987).  Similarly,  head  size  is 
markedly  larger  in  soldier  castes  than  in  other  castes  of  the  same 
species  (Wheeler  1927).  In  these  and  other  instances,  increases  in  head 
mass  and  size  correlate  with  jaw  development  and  hence  greater 
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A.  INCONSPICUOUS. 

DIP:  Tritoxa  Incurve  Loew. 
Larva,  [Allen  &  Foote  1 975]. 


B.  TRANSVERSE. 

ODO:  Lestes  barbatus  (Fabriclus). 
Adult,  [Strenger  1952], 


C.  QUADRATE. 

COL:  Hylecoetus  lugubris  Say. 
Larva,  [Peterson  1951]. 


E.  VERTICAL. 

ORT:  Tryxalls  nasuta  Fischer. 
Adult,  [Strenger  1942], 


FIGURE  2.  Character -states  of  Character  1:  head  shape.  Not  drawn  to 
scale. 
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mandibular  muscle  mass  (Metcalf  et  al.  1962).  Since  mandibular  muscle 
mass  is  distributed  unevenly  in  the  head  capsule,  associated  changes  in 
head  shape  should  be  expected.  For  particle -feeders  in  dipteran  larvae, 
changes  in  head  capsule  length/width  ratios  are  associated  with  specific 
feeding  styles  (Dahl  et  al.  1988). 

5.3.2.  Rostrum  or  Proboscis 
Development  (Character  2) 

A  rostrum,  consisting  of  an  anterior  prolongation  of  the  head 
capsule  with  mouthparts  situated  terminally,  and  a  proboscis,  charac¬ 
terized  by  elongate  mouthparts  projecting  significantly  beyond  the  head 
capsule,  are  both  indicators  of  feeding  behaviors  typified  by  the 
probing  or  thrusting  of  the  food- reaching  organs  deep  into  unexposed 
tissue.  In  rostrum-bearing  forms  such  as  weevils  and  other  floricolous 
beetles,  terminally- located  mandibulate  mouthparts  process  the  deeper 
nonfluid  tissues  of  plants  (Crowson  1981)  before  pharyngeal  uptake, 
whereas  proboscate  forms  such  as  herbivorous  bugs  generally  are  fluid- 
feeders  that  possess  a  sucking  pump  for  direct  imbibation  of  (sometimes 
extraorally  digested)  fluid  food  (see  Fig.  3  for  examples) . 

For  pollenivorous  hoverflies  (Diptera) ,  Gilbert  (1988,  oral 
presentation)  presented  data  indicating  a  strong  association  between 
shape  and  length  of  a  proboscis  and  diet  type.  Among  nectarivorous 
lepidopterans,  there  is  a  strong  association  between  proboscis  length 
and  depth  of  the  nectar -bearing  floral  tube  (Emmel  1971,  Barth  1985, 
Nilsson  et  al.  1987).  Naumann  (1937)  and  Gohrbandt  (1940)  have  demon¬ 
strated  strong  correlations  between  decreased  proboscis  length  and  wing 
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D.  VERY  LONG. 

LEP:  Calpe  lhalictri 
Burkhardt.  Adult, 
[Banziger  1970]. 


FIGURE  3.  Character -states  of  Character  2:  rostrum  or  proboscis.  Not 
drawn  to  scale. 
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reduction  (an  expression  of  environmental  mobility  and  perhaps  diet)  in 
many  butterfly  species .  The  same  relationship  was  found  by  Harder 
(1981)  for  bumblebees. 

5.3.3.  Genal  Region  or 
Malar  Space  (Character  3) 

The  genal  region  is,  in  part,  the  lateral  head  capsule  wall,  and 
its  development  corresponds  to  the  degree  of  separation  of  the  sensory 
organs  (antennae,  ocelli  and  especially  compound  eyes)  from  the  organs 
of  feeding  (Denis  and  Bitsch  1973)  (Fig.  4).  The  gena  usually  encom¬ 
passes  the  compound  eyes  toward  the  vertex  of  the  head  capsule  and 
inferiorly  borders  the  pleurostoma,  a  thin,  narrow  membrane  or  sclerite 
that  bears  the  mandibular  articulations  (DuPorte  1957) .  The  gena  is 
best  developed  in  hypognathous  forms  (Snodgrass  1935)  with  vertically 
prolonged  heads.  In  hemipteroid  forms,  the  "genal  region"  is  occupied 
by  the  maxillary  plate  (Bourgoin  1986a) ,  a  sclerite  separating  the  base 
of  the  labial  haustellum  from  the  generally  well -developed  eyes. 

Special  cases  of  genal  development  occur  in  larvae.  In  many  lepidopter- 
an  larvae  the  gena  envelops  the  ocelli  and  much  of  the  dorsal  cranial 
capsule;  among  cyclorrhaphan  larvae  the  gena  participates  in  formation 
of  the  cephalopharyngeal  capsule- -a  structure  surrounded  by  tissue 
originating  from  the  thorax  (Teskey  1981c) . 

5.3.4.  Gular  or  Hypostomal 
Region  (Character  4) 

The  gula  or  hypostomal  region  represents  the  separation  of  the 
occipital  region- -namely  the  foramen  magnum- -from  the  posteriormost 
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A.  GENA  ABSENT. 

DPL:  Campodea  chardardl 
(Conde).  Adult,  [Francois 
1970]. 


D.  GENA  EXPANSIVE. 

ORT:  Keyacris  scurra  (Rehn). 
Adult,  [Blackith  &  Blacklth  1966]. 


B.  GENA  PROMINENT. 

DER:  Arixenla  Jacobsonll  Burr. 
Adult,  [Giles  1963]. 


E.  COMPRISING  MOST  OF  THE 
CRANIUM. 

LEP:  Depressarla  heracliana 
(DeGeer).  Larva,  [Peterson  1948]. 


C.  MODERATELY  TO  MINIMALLY 

•developed. 

EMB:  Embia  ramburi  Rimsky- 
Korsakov.  Adult,  [Rahle  1970]. 


F.  PART  OF  CEPHALOPHARYNGEAL 
SKELETON. 

DIP:  Calllphora  vomltorla  Unneaus. 
Larva,  [Roberts  1971], 


FIGURE  4.  Character -states  of  Character  3:  genal  region  or  malar  space. 
Not  drawn  to  scale. 
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extension  of  the  mouthparts  (Fig.  5).  Usually  the  gula  is  a  posterior 
extension  of  the  labial  submentum,  the  demarcation  of  which  is  often 
absent  or  vague.  A  well -developed  gula  is  an  expansive,  ventral  plate 
(Jeannel  1960)  surrounded  laterally  by  the  genal  or  postgenal  region. 
Alternatively,  it  may  be  a  faint,  linear  trace  representing  the  near- 
complete  medial  convergence  of  the  postgenae  and  oftentimes  is  desig¬ 
nated  as  the  "gular  suture"  (Snodgrass  1935,  but  see  Hinton  1963).  A 
poorly  developed  gula  is  an  abbreviated,  narrow  band  transversely 
straddling  the  cervical  membrane,  or  foramen  magnum,  and  the  submentum 
(Snodgrass  1935) .  A  well -developed  gula  is  identified  with  the  progna¬ 
thous  condition,  characterized  by  anterior,  forwardly-directed  mouth- 
parts  (Walker  1931a,  DuPorte  1962,  Hinton  1963,  Matsuda  1965),  whereas 
the  gula  is  often  narrow  or  even  absent  in  forms  with  downwardly  or 
backwardly  directed  mouthparts  (DuPorte  1962)  .  In  some  holometabolous 
adults  (Diptera,  Hymenoptera) ,  the  region  of  separation  of  the  mouth¬ 
parts  from  the  foramen  magnum  is  known  as  the  hypostomal  or  postgenal 
bridge,  or  the  malar  space,  and  it  represents  the  medial  fusion  of  the 
posterioventral  region  of  the  head  capsule  (Snodgrass  1935,  Chapman 
1982).  An  analogous  region,  the  postgenae,  occurs  in  many  holometabo- 
lous  larvae  (Anderson  1936) .  Because  of  these  nomenclatural  differenc¬ 
es  ,  I  have  assessed  the  character  as  the  degree  of  separation  of  the 
anteriormost  identifiable  labial  sclerite  from  the  foramen  magnum  or 
cervical  membrane,  irrespective  of  the  name  of  the  intervening 
structure . 
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A.  ABSENT  OR  INCONSPICUOUS. 
DIP:  Tabanus  sulcllrons  Macquart 
Adult,  [Bonhag  1951]. 


B.  PROMINENT. 

MEG:  Cerydalus  sp.  Larva, 
[Snodgrass  1935]. 


C.  MODERATELY  TO  MINIMALLY 
DEVELOPED. 

COL:  Silpha,  sp. 

Larva,  [Snodgrass  1935]. 


D.  PROLONGED,  WITH  PREGENA 
&POSTGENA. 

COL:  Rhynchltes  auratus  Scopoll. 
Adult,  [Brack-Egg  1973]. 


E.  PART  OF  CEPHALOPHARYNGEAL 
CAPSULE. 

DIP:  Phormla  reglna  (Melgen). 
Larva,  [Teskey  1981a]. 


FIGURE  5.  Character -states  of  Character  4:  gula  or  hypostome. 
drawn  to  scale. 


Not 
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5.3.5.  Lorum,  or  Mandibular 
Plate  (Character  5) 

The  lorum  of  Snodgrass  (1935) ,  also  known  as  the  mandibular  plate 
(Matsuda  1965) ,  is  a  sclerite  between  the  food-pump  region  of  the 
f ronto - clypeus  and  the  "genal"  area  in  hemipteroid  insects.  It  appears 
to  be  associated  with  a  well -developed  clypeal  pump  and  may  be  involved 
in  supporting  and  anchoring  the  basal  portion  of  the  labial  beak  to  the 
head  capsule. 

5.3.6.  Frontal  and  Vertical 
Region  (Character  6) 

The  frontal  and  vertical  region  principally  comprises  the  frons 
and,  when  the  epistomal  suture  is  absent,  the  proximal  portion  of  the 
clypeus.  The  frons  is  the  triangular -shaped,  interocular  facial  area  of 
the  cranium,  delimited  by  the  epistomal  suture  distally  and  the  frontal 
sutures  laterally.  It  bears  the  median  ocellus  and  origins  of  the 
labral  muscles  (Snodgrass  1935) .  Special  modifications  of  the  general¬ 
ized  condition  include  intrusion  of  the  clypeus  into  the  frons,  as  in 
caterpillars,  resulting  in  a  frons  with  an  inverted-Y  shape  (Snodgrass 
1928,  but  see  Forbes  [1910]  for  an  alternative  homology);  prolongation 
of  the  frontal  region  anteriorly  in  bugs ;  participation  of  the  frons  in 
the  formation  of  the  cephalopharyngeal  skeleton  in  muscomorph  fly  larvae 
(Ludwig  1949);  and  formation  of  a  lunate,  ptilinial  fissure  on  the  frons 
of  adult  schizophoran  flies  (McAlpine  1981) .  Although  less  demonstrable 
than  the  analogous  condition  of  gular  development,  the  anterior  exten¬ 
sion  of  the  frontal  region  appears  as  an  indicator  of  the  degree  to 
which  the  head  capsule  has  become  prolonged  for  accomodation  of 
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terminal,  prognathous  mouthparts.  Lepidopteran  larvae  display  an 
opposite  trend,  whereby  the  clypeofrontal  region  of  the  head  capsule  has 
been  sunk  into  the  upper  head  capsule  for  reception  of  hypognathous , 
proximally- situated  mouthparts. 

5.3.7.  Head  Protractability/ 

Retractability  (Character  7) 

The  ability  to  retract  the  head  capsule  into  the  anterior  region  of 
the  thoracic  cavity  is  a  trait  found  in  many  holometabolous  larvae, 
notably  maggots  (Teskey  1981e)  and  caterpillars  (Fig.  6).  Head  retrac¬ 
tion  requires  the  presence  of  powerful  muscles  originating  in  the  thorax 
(Schremmer  1956)  and  their  insertion  on  either  endoskeletal  head 
structures  or  exoskeletal  apophyses  (Randriamamonjy  1963) .  Such  a 
feature  may  be  advantageous  in  the  manipulation  or  leverage  of  leaf 
material  by  the  mandibles  of  caterpillars  or  the  protraction  of 
mouthhooks  into  prey  items  by  certain  maggots .  The  evidence  for  this , 
however,  is  not  strong. 

5.3.8.  Head-Associated  Feeding 
Modifications  (Character  8) 

Many  insects  have  structures  for  detecting,  acquiring  or  processing 
food  that  do  not  involve  typical  structures  of  modifications  of  the  head 
or  mouthparts .  Most  of  these  structures  involve  modification  of  the 
prothorax  or  its  appendages.  Prothoracic  participation  in  head  struc¬ 
ture  is  shown  by  the  "fusion"  of  the  head  capsule  with  the  thorax  in 
strepsipterans ,  resulting  in  formation  of  a  cephalothorax  (Pierce  1918, 
Bohart  1962) .  A  food-processing  structure  typically  located  in  the 
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A.  NONPROTRACT1LE. 

ZOR:  Zorotypus  hubbardi  Caudell. 
Adult,  [Crampton  1920]. 


B.  PROTRACTILE. 

DIP:  Sciadocera  rulomacutata 
White.  Larva,  [Fuller  1934]. 


* 


FIGURE  6.  Character- states  of  Character  7:  Head  protractability/ 
retractability .  Not  drawn  to  scale. 
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thorax  is  the  particle -filtering  apparati  located  in  the  esophagi  of 
aquatic  dipteran  larvae  (Hennig  1935;  Schremmer  1949,  1951).  Pr- 
othoracic  legs  are  occasionally  used  in  the  feeding  system- -notably  the 
raptorial  legs  of  adult  dragonflies,  mantids  and  waterscorpions  (Asahina 
1954,  Levereault  1936,  Hamilton  1931,  respectively)  and  the  antennalike, 
sensory  prothoracic  legs  of  the  telsontails  (Gillott  1980) .  Posteriorly- 
directed  spines  in  fleas  (e.g.  the  genal  comb)  assist  as  an  anchor  for 
the  insect  to  the  substrate  during  feeding  (Wenk  1953).  Lastly, 
forcipate  cerci  are  used  as  accessory  sets  of  "mandibles"  in  japygid 
entotrophs  (Wootton  1984)  and  earwigs  (Popham  1959)  for  prey  capture  or 
defense . 


5.4.  Character -Group  II:  Sense  Organs  of  the  Head 
Since  insects  must  sense  and  locate  food  before  it  is  dispatched 
and  brought  to  the  mouthparts,  it  is  important  that  food- locating  sense 
organs  be  included  in  this  study.  Notable  in  this  regard  are  antennae, 
eyes  of  several  types,  and  palps.  The  first  two  are  included  here; 
palps  are  considered  under  their  respective  mouthpart  regions.  Various 
other  sensory  structures,  such  as  leg  taste  receptors,  are  not  included 

5.4.1.  Antennae  (Character  9) 

Antennae  are  extremely  varied  in  form  (Fig.  7) --a  condition  that 
probably  mirrors  function  (Wootton  1984) .  Whereas  antennae  in  many 
poorly-sighted  groups  are  used  for  tactile  communication  (Corbi^re 
1967),  in  most  groups  antennae  are  the  primary  or  secondary  sensors  for 
detecting  olfactory,  gustatory,  chemoreceptive ,  mechanoreceptive  and 
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B.  SETACEOUS. 

ODO:  Pantata  tlavescens 
(Fabricius).  Adult,  [Mathur 
1962]. 


C.  FILIFORM. 

GRY:  Crylloblatta  campo- 
delformls  Walker.  Adult, 
[Crampton  1926]. 


D.  MONILIFORM. 

THY:  Cephatothrlps 
yuccae  Hinds.  Adult, 
[Peterson  1915]. 


E.  PLUMOSE. 

DIP:  Psorophora 
ciliala  Fabricius. 
Adult,  [Peterson 
1916]. 


G.  CLAVATE. 

COL:  Cautomus  sugerens 
BesucheL  Adult,  [Besuchet 
1972]. 


F.  SERRATE. 

MEG:  Chauliodes 
formosanus  Pictet 
Adult,  [Maki  1936]. 


H.  CAPITATE. 

COL:  Rhopalotrlaglossonl 
Schaeffer.  Adult,  [Muniz  & 
Barrera  1969]. 


I.  GENICULATE. 
HYM:  Apis  mellitera 
Llnneaus.  Adult, 
[Snodgrass  1942]. 


J.  LAMELLATE.  P*** 

COL:  Amphimallon  majalis  ' 

(Razoymowski).  Adult,  .  K.  STY  LATE. 

[Butt  1 944],  LEP:  Opostega,  sp. 

Larva,  [Heinreich 
,  1918]. 


ARISTATE. 

DIP:  Musca  domestica 
Linneaus.  Adult, 
[Peterson  1916]. 


M.  PAPILLATE. 

TRI:  Drusus  triUdus 
MacLachlan.  Larva, 
[Fotius-Jaboulet  1961]. 


N.  SETIGEROUS. 

DIP:  Eucorgthna  under- 
wood t  Underwood. 
Larva,  [Peterson  1948]. 


PALPIFORM. 

PLA:  Aleuropteryx  loewi 
Klapalek.  Larva, 
[Rousset  1966]. 


P.  SPATHULATE. 

SIP:  Ctenocephalus 
cam's  (Curtis).  Adult, 
[Wenk  1953]. 


FIGURE  7. 
scale . 


Character -states  of  Character  9:  antennae.  Not  drawn  to 
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even  auditory  signals  from  host  plants  or  animals  (Plateau  1885,  Glaser 
1927,  Snodgrass  1960,  Schneider  1964,  Baker  and  Chan  1987).  Long 
antennae,  such  as  filamentous,  setaceous  or  moniliform  types,  are 
probably  used  tactilely  (Schneider  1964,  Chapman  1982).  Crowson  (1981) 
has  cited  filiform  antennae  as  a  recurring,  adaptive  character  among 
floricolous  beetles.  In  a  taxonomically  broad  study  of  adult  dipterans, 
Smith  (1919)  concluded  that  dipterans  possess  organs  sensitive  to  touch, 
taste  and  smell,  although  there  was  not  a  definite  association  between 
filiform,  stylate  and  aristate  antennae  and  particular  life-habits. 

Many  larval  beetles  possess  palpiform  antennae  used  in  manipulation  of 
prey  items  during  mastication  (Pavlovsky  1922) .  Other  holometabolous 
larvae  have  antennae  richly  supplied  with  several  types  of  mechanorecep - 
tive  and  chemosensory  sensillae  (Baker  and  Chan  1987) ,  or  have  apparent¬ 
ly  functionless  nubbins  as  antennae  or  completely  lack  antennae  (Rich¬ 
ards  and  Davies  1977).  (See  Staedler  [1977]  for  a  summary  of  antennal 
sensory  mechanisms . ) 

5.4.2.  Ocelli,  Pseudocelli 
and  Stemmata  (Character  10) 

Ocelli,  pseudocelli  and  stemmata  are  light-sensitive  organs 
(Richards  and  Davies  1977,  Chapman  1982).  There  is  a  broad  range  of 
light  sensitivity  in  these  organs,  ranging  from  some  ocelli,  which  are 
minimally  involved  in  distinguishing  light- intensity  levels,  to  stemmata 
of  certain  lepidopteran  larvae,  which  resolve  and  differentiate  color 
(Ishikawa  1969).  The  presence  of  ocelli  in  some  species  is  strongly 
positively  correlated  with  wing  development  and  hence  flight  (Kalmus 
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1945,  Goodman  1970).  For  a  few  forms,  there  is  also  strong  evidence 
indicating  that  under  decreased  light  levels,  ocelli  operate  synergis- 
tically  with  the  compound  eyes  to  stimulate  a  positive  photokinetic 
response  whereas  at  increased  light  levels  the  response  is  a  negative 
photokinesis  (Goodman  1970) .  There  also  appears  to  be  a  relationship 
between  levels  of  ocellar  illumination  and  antennal  stimulation  (Mimura 
et  al.  1969).  Larval  stemmata,  unlike  ocelli,  are  capable  of  indepen¬ 
dently  producing  images  and  collectively  represent  the  visual  field  as  a 
coarse  mosaic  (Dethier  1942,  1943).  Pseudocelli  are  light-sensitive 
regions  in  proturans. 

All  three  organs  are  involved,  in  various  ways,  with  recognition  of 
light- intensity  levels,  without  the  clear  direct  advantage  of  highly 
resolved,  discrete  image  formation  found  in  compound  eyes.  Thus  their 
presence  and  development  is  an  indicator,  though  indirecly,  of  partial 
recognition  of  environmental  cues,  including  the  detection  and  active 
pursuit  of  food. 

5.4.3.  Compound  Eyes 
(Character  11) 

Compound  eyes  are  an  obvious  component  in  the  repertoire  of  sensory 
organs  available  to  an  insect  for  detection  of  food  (Fig.  8).  While 
virtually  all  pterygote  compound  eyes  are  homologous  (Paulus  1974) , 
there  is  amazing  functional  divergence  among  various  species- -honeybees 
perceive  color  (Menzel  1975)  while  others,  such  as  grasshoppers,  are 
capable  of  motion  detection  (Kaiser  1975,  Kien  1975)  and  a  few,  includ¬ 
ing  some  ants,  possess  form  sensitivity  for  either  spots  or  object  edges 
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COMPOUND  EYES 


A.  ABSENT. 

MAL:  Trimenoponjennlngsl 
Kellogg  &  Paine.  Adult,  [Stowe 
19431. 


B.  PROMINENT. 

DIP:  Rhlngla  naslca  Say.  Adult, 
[Vockeroth  &  Thompson  1987]. 


C.  STALKED. 

DIP:  Sphyracephala  brevicomis 
Say.  Adult,  [Peterson  1916]. 


D.  MODERATELY  DEVELOPED. 

PSO:  Rhinopsocus  arduus  Badonnel 
&  Uenhard  1988.  AdulL  [Badonnel 
&  Uenhard  1988]. 


E  DIVIDED  INTO  SEPARATE  UNITS. 
HOM:  Aplomorpha  pharetrata 
(Schraeder).  Adult  male,  [Theron 
1968]. 


FIGURE  8.  Character -states  of  Character  11:  compound  eyes.  Not  drawn 
to  scale . 
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(Northrop  1975,  Mazokhin-Porshnyakov  1975).  Forms  with  large,  especial¬ 
ly  well  separated  eyes  (stereoscopy?)  have  inconspicuous  antennae  and 
are  largely  visual  predators  with  carnivorous  diets  (Chapman  1982, 
Wootton  1984) .  This  is  especially  demonstrable  in  aerial  pursuit  of 
species-specific  prey,  where  visual  cues  are  used  for  initial  contact  of 
prey  on  the  wing.  Blind  insects  or  those  with  rudimentary  eyes  are 
often  either  tactile  encounter-predators  or  are  noncarnivorous .  A 
special  eye  character  is  a  divided  eye  consisting  of  separate  units,  a 
structure  that  usually  indicates  separation  of  feeding  function  from 

other  functions  (Jeannel  1960) ,  such  as  predator  avoidance  and  mate 
recognition. 


5.5.  Character-Group  III:  General  Features 
of  Mouthpart  Apparati 

Before  a  characterization  of  elements  from  particular  mouthpart 
regions  can  be  done,  certain  general  aspects  of  the  mouthpart  complex 
must  be  established.  Relevant  general  mouthpart  features  include  the 
anatomic  placement,  fundamental  type,  symmetry  and  protractability  of 
the  mouthpart  complex.  A  related  character  is  the  presence  of  a 
dilative  food  pump,  which  is  possessed  by  virtually  all  insects,  though 
its  number  and  location  can  vary.  A  more  restrictive,  discrete  charac¬ 
ter,  pertaining  to  stylet-bearing  mouthparts,  is  stylet  number. 

5.5.1.  Mouthpart  Placement  on 
the  Head  Capsule  (Character  12) 

The  relative  orientation  of  the  mouthparts  on  the  head  capsule  is 
strongly  associated  with  insect  feeding  habits  (Fig.  9).  The  primitive 
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A.  AGNATHOUS. 

HOM:  Lecaniodiaspis  elylropappi 
Munting  &  Giliomee.  Adult  male, 
[Munting  &  Giliomee  1967b]. 


B.  PROGNATHOUS. 

COL:  Rhynchites  auratus  Scopoli. 
Adult,  [Brack-Egg  1973]. 


C.  HYPOGNATHOUS. 

ORT:  Amblycorypha  oblonglfolia 
(De  Geer).  Adult,  [Kramer  1944]. 


D.  OPISTOGNATHOUS- 
AUCHENORRHYNCHOUS. 
HOM:  Maglcicada  septendecim 
(Llnneaus).  Adult,  [Snodgrass 
1921]. 


E  OPISTOGNATHOUS- 
STERNORRHYNCHOUS. 
HET:  Triatoma  sp. 

Adult,  [Barth  1953]. 


F.  ENTOGNATHOUS. 

PRO:  Acerentomon  propinquum 
(Conde).  Adult,  [Francois  1969]. 


FIGURE  9.  Character- states  of  Character  12:  mouthpart  placement  on  the 
head  capsule.  Not  drawn  to  scale. 
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state  for  pterygote  insects  is  the  location  of  mouthparts  under  the  head 
capsule,  the  hypognathous  condition  (Snodgrass  1960,  Hennig  1981:  295, 
Chapman  1982;  but  see  Walker  1932).  Hypognathous  mouthparts  are  found 
mostly  in  herbivorous  insects ,  especially  those  with  laterally  com¬ 
pressed  or  cylindrical  body  forms  that  feed  on  foliage  (Walker  1932, 
Snodgrass  1960) .  Less  commonly  hypognathism  occurs  among  carnivorous 
species  that  are  ambush  predators  and  have  special  adaptations  for 
subduing  prey,  such  as  raptorial  forelegs  (Mantodea)  or  a  labial  mask 
(Odonata  larva)  (Walker  1932) . 

The  prognathous  and  opistognathous  mouthpart  placements  are 
structurally  derived.  The  prognathous  condition,  characterized  by  an 
anterior  projection  of  the  mouthparts,  is  associated  with  gular  expan¬ 
sion  (Character  4)  and  typifies  carnivorous  species  that  engage  in 
pursuit  predation  and  dispatch  their  prey  with  usually  prominent 
mandibles  (Walker  1932) .  Prognathous  mouthparts  also  occur  on  soil- 
burrowing  and  wood-boring  adults  (such  as  weevils)  or  larvae  (such  as 
buprestids)  (Walker  1932) .  The  opisthognathous  condition  characterizes 
fluid- feeding  haustellate  forms  and  consists  of  two  major  variations. 

(1) ,  auchenorrhynchous  mouthparts,  whereby  the  sessile  beak  slopes 
posteriorly  and  downward,  and  appear  to  originate  from  the  cervical 
membrane.  (2),  are  stenorrhynchus  mouthparts,  whereby  the  beak  is 
capable  of  being  retracted  between  the  legs  when  not  in  use  (Snodgrass 
1960) . 

Within  hexapods ,  pterygote  entognathy  is  another  derived  condition 
and  consists  of  short,  stylet -bearing  mouthparts  housed  in  a  buccal  sac 
(see  Manton  1977) .  In  pterygotes  it  is  present  in  predominantly  fluid- 
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feeding  forms  (sucking  lice,  thrips) ,  but  among  apterygotes  it  is 
seemingly  a  primitive  condition  associated  with  feeding  on  relatively 
soft,  immobile  material  (McNamara  1924) . 

5.5.2.  Mouthpart  Basic 
Type  (Character  13) 

No  other  data-set  character  has  as  much  implications  for  feeding 
and  diet  as  mouthpart  type,  however  defined  (Fig.  10).  Although  the 
goal  of  this  study  is  to  ascertain  a  posteriori  the  fundamental  mouth¬ 
part  Baupl&ne  among  extant  insects ,  such  a  salient  and  crucial  character 
cannot  be  ignored  in  the  initial  analyses  of  this  study.  This  scheme  is 
based  primarily  on  structural  criteria  and  focuses  especially  on  (i)  the 
presence  or  absence  of  functional  mouthparts ,  (ii)  mandible  shape  and 
deployment ,  (iii)  labium  structure  and  co-optation  and  (iv)  whether  the 
maxillary  galeae  are  conjoined. 

These  four  factors  grossly  correspond  to  overall  diet.  Mouthparts 
with  transversely-biting  mandibles  ingest  solid  food  whereas  protract¬ 
ing-  and-  retracting  stylet-bearing  mouthparts  are  designed  to  obtain 
biologically-enclosed,  fluid  food.  Certain  larval  forms  with  tubular 
mandibles  or  mandible/maxilla  complexes  are  similarly,  but  secondarily, 
equiped  to  pierce  and  suck  out  the  fluid  contents  of  prey.  Siphon-, 
labellum-  and  glossa-bearing  mouthpart  types  feed  on  exposed  surface 
fluids  and  use  principles  of  active  siphoning,  capillary  adsorption  and 
squeezing,  in  various  combinations,  to  imbibe  food  (Barth  1985). 

Species  without  functional  mouthparts  do  not  feed. 
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A.  MANDIBULATE. 

COL:  Epllachna  varivestus 
MulsanL  Adult,  [Butt  1951], 


D.  GLOSSATE. 

HYM:  Anthophora  sp.  Adult, 
[Demoll  1908,  Mlchener  1944]. 


B.  STYLATE-NONHAUSTELLATE. 
COL:  Cerylon  sugerens  BesucheL 
Adult,  [Besuehet  1972). 


E.  SIPHONATE. 

LEP:  Eachlsta  madarella 
(Clemens).  Adult,  [Braun  1948]. 


C.  STYLATE-HAUSTELLATE. 

DIP:  Glosslna  palpalis  Robineau- 
Desvoldy.  Adult,  [Jobling  1933]. 


F.  LABEL  LATE. 

DIP:  Calllphora  erythrocelphala 
Linneaus.  Adult,  [Graham-Smith 
1930]. 


G.  NONTROPHIC. 

EPH:  Hexagenla  recurvata 
Mogan.  Adult,  [Murphy  1922], 


H.  MANDIBULO-SUCTORIAL. 

PLA:  Neurorthus  &flax(Rambur). 
Larva,  [Zwlck  1967]. 


FIGURE  10.  Character- states  of  Character  13:  mouthpart  basic  type, 
drawn  to  scale . 


Not 
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5.5.3.  Stylet  Number 
(Character  14) 

For  stylet-bearing  mouthparts  ensheathed  within  a  haus  tellum, 
stylet  number  is  often  an  important  descriptor  of  mouthpart  subtype 
(Fig.  11).  Dipteroid  and  hemipteroid  haustellate  mouthparts  are  capable 
of  maximally  bearing  four  and  six  stylets,  respectively,  and  often  there 
are  characteristic  stylet  numbers  that  are  associated  with  particular 
diets  or  feeding  strategies.  Most  hemipteroid  mouthparts  are  construct¬ 
ed  with  a  pair  of  stylate  mandibles  and  maxillae  that  are  characterized 
by  interlocking,  sliding  stylets  in  pairs  that  work  in  co-ordination  and 
apposition,  often  for  deep  penetration  of  plant  or  animal  tissue  (Cobben 
1978).  By  contrast,  dipteroid  forms  possess  noninterlocking,  fasiculate 
stylets,  frequently  odd  in  number,  and  including  a  hypopharyngeal  stylet 
for  injection  of  various  enzymes,  such  as  proteolytic  enzymes  for 
predatory  forms  (Whitfield  1925)  and  anticoagulant  enzymes  for  sanguini- 
vorous  forms  (Jobling  1933) .  Stylet-bearing  mouthparts  lacking  a 
haustellum  are  highly  variable  in  stylet  number.  Because  of  occasional 
departures  from  the  above  patterns,  many  of  the  above  associations  are 
not  exact  and  must  be  regarded  only  as  generalizations . 

• 

5.5.4.  Mouthpart  Symmetry 
(Character  15) 

Mouthpart  asymmetry  takes  two  basic  forms  in  insects:  major 
asymmetry  of  the  entire  mouthpart  complex,  found  only  in  the  Thysano- 
ptera,  and  relatively  minor  asymmetries  of  individual  elements,  espe¬ 
cially  mandibles,  in  various  insect  groups  (Fig.  12).  Major  mouthpart 
asymmetry  in  the  Thysanoptera  consists  of  supression  of  the  right 
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( 


B.  STYLETS  ONE. 

DIP:  Proctacanthus  sp. 
Adult,  [Snodgrass  1943]. 


C.  STYLETS  TWO. 

ANO:  Haematopinus  suis  (Lin- 
neaus).  Adult,  [Stojanovlch  1945]. 


D.  STYLETS  THREE. 

SIP:  Cratynlus  erypticus  Hopkins 
&  Traub.  Adult,  [Hopkins  &  Traub 
1955]. 


H.  STYLETS  GREATER  THAN  NINE 
DIP:  Scatophaga  turcata  (Say). 
Adult,  [Peterson  1916]. 


FIGURE  11.  Character- states  of  Character  14:  mouthpart  stylet  number. 
Not  drawn  to  scale. 
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mandible  and  an  asymmetrical  rearrangement  of  mouthpart- related  scleri- 
tes  that  form  the  oral  cone  (Garman  1896,  Borden  1915).  This  has  been 
interpreted  as  an  adaptation  for  pollen- feeding  that  occurred  in  a 
generalized  hemipteroid  ancestor  (Grinfel'd  1959). 

Minor  mouthpart  asymmetry  is  rampant  among  virtually  all  groups  of 
insects  and  it  is  best  demonstrated  for  mandibles  in  mandibulate 
insects.  The  best -documented  group  in  this  regard  are  the  Orthoptera, 
which  are  frequently  characterized  by  asymmetries  of  both  mandibular 
size  and  shape,  as  well  as  variation  in  cusp  number,  position  and  size 
between  the  right  and  left  mandibles  (Ninninger  1915,  Isely  1944, 

Chapman  1964,  Gangwere  1965,  1972).  This  pattern  occurs  in  other  groups 
such  as  mayfly  naiad  mandibles  (Morgan  1913,  Murphy  1922)  and  adult 
mandibulate  moths  (Tillyard  1923,  Hannemann  1956).  In  almost  all 
instances,  such  mandibular  asymmetries  have  been  explained  as  structures 
mechanically  suited  to  feeding  on  specific  diet  types . 

5.5.5.  Food  Pump 
(Character  16) 

Food  pumps  are  qualitatively  divided  into  two  types:  those  that 
are  enlargements  of  the  pharyngeal  region  and  those  that  are  expansions 
of  the  clypeal  or  clypeofrontal  area.  Pharyngeal,  or  cibarial,  pumps 
are  associated  with  mandibulate  forms  which  ingest  solid  food;  they 
undergo  pharyngeal  compression  to  effect  the  "vacuuming"  of  food  from 
the  preoral  chamber  to  the  oesophagus  (Snodgrass  1935,  Beutel  1986). 

When  this  process  is  reversed,  there  is  expulsion  of  salivary  gland 
secretions  for  extraoral  digestion. 
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A.  MULTIELEMENT  ASYMMETRY. 
THY:  Hellothrips  femoralts 
(Reuter).  Adult,  [Peterson  1915]. 


B.  SYMMETRY. 

TYN:  Thermobia  domestics 
(Packard).  Adult,  [Chaudonneret 
1950]. 


C.  SINGLE  ELEMENT  ASYMMETRY. 
ORT:  Xenocheila  zamndnyi  Uvarov. 
Adult,  [Chapman  1966]. 


FIGURE  12.  Character -states  of  Character  15:  mouthpart  symmetry, 
drawn  to  scale . 
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By  contrast,  clypeal  pumps  are  morphologically  distinct  structures 
on  the  upper  face  of  insects  that  connect  an  outer,  extensible  sclerite 
to  an  inner,  dorsal,  pharyngeal  diaphragm  by  means  of  powerful  dilator 
muscles  (Snodgrass  1947,  Backus  1985).  (See  Smith  [1985]  for  a  discus¬ 
sion  of  pump  modifications.)  Clypeal,  or  sucking,  pumps  are  found  in 
forms  feeding  on  surface  or  tissue-bound  fluids.  Adult  lepidopterans , 
however,  possess  a  unique  dual  pump  system  by  having  both  a  typical 
clypeal  pump  and  a  pharyngeal  pump  with  circumpharyngeal  compressor 
muscles  and  spincter  muscles  at  each  end  for  regulation  of  incoming  food 
and  outgoing  salivary  material  (Matsuda  1965) . 

5.5.6.  Protractability/Retractability 
of  Major  Food-Reaching  Mouthpart 
Element (s)  (Character  17) 

Many  insects  possess  mouthparts  whose  major  interacting  elements 
with  the  environment  are  at  a  significant  distance  from  the  head 
capsule.  For  liquid- feeders  several  diverse  mechanisms  exist  for  the 
abaxial  protraction  and  adaxial  retraction  of  various  probosces.  Among 
the  Lepidoptera  siphon  extension  is  caused  hydraulic  fluid  pressure 
(BSnziger  1971) ,  and  recoil  is  effected  by  siphon  elasticity  (Eastham 
and  Eassa  1955)  and  intrinsic  oblique  musculature  (Smith  1985) .  In 
cyclorrhaphan  flies,  labellum  extension  and  retraction  is  produced  by  a 
complex,  lever-based  muscular  mechanism  (Downes  1963,  Thomson  1977). 

For  apoid  hymenopterans  the  glossa  is  deployed  and  withdrawn  by  simple 
glossal  protractor  and  retractor  muscles  (Snodgrass  1956) .  Sternor- 
rhynchous  homopterans  and  heteropterans  accomplish  protraction  and  re¬ 
traction  of  the  beak  by  basal  labial  muscles  and  perhaps  inters egmental 
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beak  flexion  (Barth  1953) .  Although  fluid- feeding  forms  such  as 
auchenorrhynchous  homopterans  and  nematocerous  dipterans- -forms  that  are 
relatively  less  derived  within  their  respective  order- -lack  proboscis- 
retractor  mechanisms,  protraction/retraction  mechanisms  have  evolved 
numerous  times  as  a  way  of  anatomically  accommodating  rather  bulky  and 
long  food  acquisition  apparati  when  not  in  use. 

5.6.  Character- Group  IV:  Clypeal  Region 

The  clypeus  represents  a  transitional  sclerite  between  the  head 
capsule  proper  (frons,  genae,  eyes,  occiput,  etc.)  and  the  anatomically 
anteriormost  sclerite,  the  labrum.  Its  major  diet-related  functions  are 
(i)  to  provide  some  flexibility  to  the  frons -clypeus -labrum  series, 
which  functions  as  an  upper  lip  for  the  manipulation  and  securing  of 
solid  food  and  (ii)  as  a  site  of  attachment  for  prominent  cibarial 
dilator  muscles  involved  in  various  sucking  pump  arrange  ments  in  liquid 
feeders  (Snodgrass  1947,  Chapman  1982).  The  clypeus  is  thus  not 
integrally  involved  in  the  direct  operation  of  the  mouthparts  and  is  a 
relatively  independent,  adjacent  sclerite  (DuPorte  1957).  It  is 
responsible  for  limited  labral  flexibility  and  often  contributes  toward 
the  structure  of  the  sucking  pump . 

5.6.1.  Shape  of  the  Entire 
Clypeal  Complex  (Character  18) 

Clypeal  shape  is  largely  determined  by  general  head  shape,  mouth- 
part  placement  and  the  presence  or  absence  of  a  clypeal  sucking  pump 
(partly  after  Denis  and  Bitsch  1973).  A  sagitally  elongate  clypeus  is 
indicative  of  a  laterally  compressed  head  or  of  medial  convergence  of 
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antennae  or  eyes  (Denis  and  Bitsch  1973)  (Fig.  13).  By  contrast,  a 
transversely  wide  clypeus  is  associated  with  a  dorsoventrally  compressed 
head,  wide  antennae,  or  eyes  displaced  toward  the  genal  regions,  and  it 
usually  articulates  with  a  wide  labrum.  This  latter  situation  is  found 
in  hemipteroid  insects ,  whereby  the  postclypeus  becomes  enlarged  and 
bulbous  for  reception  of  prominent  cibarial  dilator  muscles  forming  the 
sucking  pump  (Denis  and  Bitsch  1973) .  In  many  nonorthopteroid  mandibu- 
late  insects ,  the  clypeus  is  not  differentiated  from  the  frons  by  an 
epistomal  suture  (Snodgrass  1935) .  This  fusion,  resulting  in  the 
frontoclypeus ,  is  mostly  associated  with  carnivory  among  prognathous 
neuropteroid  and  coleopteran  larvae. 

5.6.2.  Clypeal  Subsegmentation 
(Character  19) 

The  clypeus,  as  an  external  sclerite,  may  be  present  or  absent  and, 
if  present,  it  may  be  undivided  or  divided  into  an  upper  postclypeus  and 
a  lower  anteclypeus  (Snodgrass  1935,  Kukalov&-Peck  1985).  Alternative¬ 
ly,  the  clypeus  may  appear  as  an  unusually  expansive  sclerite  occupying 
most  of  the  face  in  groups  such  as  adult  lepidopterans  or  larval 
dipterans,  and  represent  either  fusion  to  the  frons  (a  frontoclypeus)  or 
fusion  to  the  labrum  (a  clypeolabrum) .  These  conditions  have  particu¬ 
lar,  indirect  consequences  for  feeding.  With  the  exception  of  the 
Psocoptera,  typical  chewing  forms  that  feed  on  solid  food  possess  an 
undivided,  moderately- sized  clypeus.  However,  among  the  liquid- feeding 
hemipteroid  forms,  there  frequently  is  a  distinct  functional  subdivision 
of  the  clypeus  into  an  inferior  anteclypeus ,  or  clypellus  (Backus  1985), 
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A.  ABSENT  OR  INDISTIN- 
GUISHABLY  FUSED. 
SIP:  Ctenocehalus  canls 
(Curtis).  Adult  [Wenk 
1953]. 


VERTICALLY  ELONGATE. 
HOM:  Scolops  pungens 
Germar.  Adult  [Kramer 
1950]. 


D.  TRANSVERSELY  ELONGATE. 
PLE:  Perla  cephalotes  Curtis. 
[Chisholm  1962], 


FIGURE  13.  Character- states  of  Character  18: 
Not  drawn  to  scale. 


shape  of  clypeal  complex. 
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providing  a  structural  reinforcement  of  the  beak  base  and  below  which 
houses  the  chamber  for  fluid  food  intake  (Cobben  1978,  Backus  1985).  A 
conspicuous,  bulging  postclypeus  (frontoclypeus  of  some)  constitutes  a 
massive  sucking  pump  (Kramer  1950) .  In  many  holometabolous  larvae  and 
some  adults ,  the  undivided  clypeus  fuses  with  the  frons ,  forming  a 
frontoclypeus ,  with  no  indication  of  an  intervening  suture .  It  often 
appears  as  a  flat,  quadrangular  plate.  Such  a  configuration  arises  in 
prognathous,  mandible -bearing  forms  lacking  a  lab rum  that  are  predatory 
and  carnivorous  in  habits  (Denis  and  Bitsch  1973) .  It  also  occurs  in 
filter- feeding  aquatic  larvae  who  use  the  clypeofrontal  region  as  a 
sucking  pump  for  vacuuming  detritus  (after  DuPorte  1957) .  Among  adult 
Lepidoptera,  the  frontoclypeus  is  identified  with  a  sucking  pump  for 
surface  fluid  feeding  (DuPorte  1956,  Ehrlich  and  Davidson  1961). 

5.7.  Character-Group  V:  The  Labral  Region 
The  labrum,  or  upper  lip,  is  the  anteriormost  mouthpart  region  that 
is  directly  involved  with  food  acquisition.  Five  principal  functions 
are  performed  by  the  labrum.  First,  in  mostly  mandible -bearing  forms 
feeding  on  solid  food,  the  labrum  is  instrumental  in  sensing,  securing, 
manipulation  and  c<Knminution  of  food  (Snodgrass  1960,  Smith  1985). 
Secondly,  the  labrum  is  a  support  element  in  stylet -bearing,  liquid¬ 
feeding  forms  (Parsons  1962,  Cobben  1978).  Thirdly,  in  conjunction  with 
the  epipharynx,  the  labrum  forms  a  stylet,  especially  in  adult  blood- 
and  sap-feeding  Diptera  (Bletchley  1954).  Fourthly,  the  labral  margin 
is  extensively  modified  in  several  larval  groups  into  filtering  organs 
for  feeding  on  fine-grained,  particulate  food  (Ross  et  al.  1982). 
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Lastly,  the  labrum  has  been  co-opted  in  various  liquid- feeding  groups  to 
form  a  haustellum  that  either  partly  or  completely  encloses  mouthpart 
stylets.  These  major  functions  are  associated  with  various  character- 
states  in  the  four  characters  detailed  in  the  following  discussion. 

5.7.1.  Shape  of  the  Labral 
Main  Body  (Character  20) 

The  shape  of  the  labrum,  when  present,  is  approximately  correlated 
with  its  general  function.  Wide  or  square-shaped  labra  are  typically 
found  in  chewing,  solid- food- ingesting  forms  such  as  orthopteroids , 
psocopterans ,  or  adult  coleopterans ,  whereas  moderately  elongate  labra 
are  used  as  beak  braces  and  are  identified  with  liquid- food  feeders. 

Very  elongate  labra  are  stylets  found  in  liquid-food  feeders  that  pierce 
tissue. 

5.7.2.  Labral  Subsegmentation 
(Character  21) 

For  most  insects,  the  typical  condition  for  the  labrum  is  a  single 
unit.  In  some  forms,  such  as  some  adult  Diptera  and  Trichoptera,  it  is 
subdivided  into  two  segments  (Crampton  1921c) ,  a  condition  of  unknown 
function.  Most  apterygotes  possess  a  clypeolabrum  (Francois  1959, 

Matsuda  1965) --a  condition  associated  with  entognathy  in  the  same  group. 
In  various  holometabolous  groups,  the  labrum  has  been  completely  lost-- 
for  example  the  "troisi&me  group"  of  larval  Coleoptera  in  Denis  and 
Bitsch  (1973)  and  larval  Planipennia,  both  of  which  are  characterized  by 
camivory  and  jutting  mandibles.  In  other  larval  forms  the  labrum  has 
been  replaced  by  a  nasale--a  small,  triangular,  acuminate  projection 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


82 


(Rymer- Roberts  1921),  associated  with  carnivory--  often  in  piercing- and- 
sucking  forms  with  suctorial ,  tubular  mandibles . 

5.7.3.  Modification  of  the 
Distal  Margin  (Character  22) 

The  distal  labral  margin  displays  a  diverse  array  of  modification 
in  various  larval  and  adult  insects  (Fig.  14) .  Although  the  typical 
condition  in  a  generalized,  orthopteroid  insect  is  simply  a  straight  or 
shallowly  curvilinear  margin,  there  have  been  numerous  departures  form 
the  typical  situation.  Within  orthopterids  themselves,  the  labral 
margin  can  be  medially  notched,  so  as  to  channel  grass  blades  as  they 
are  being  chewed  by  graminivorous  grasshoppers  (Gangwere  1960,  1966). 

In  adult  blood-feeding  black  flies  (Simuliidae)  and  sand  flies  (Cerato- 
pogonidae) ,  a  well -developed  spinose  terminus  is  used  for  puncture  of 
surface  tissue  (Wenk  1962,  McKeever  et  al.  1988).  Among  aquatic, 
epibenthic  larvae  of  the  same  family,  Wallace  and  Cummins  (1980)  and 
Borkent  and  Wood  (1986)  have  described  labral  fans  employed  for  the 
filtering  of  finely  particulate  organic  matter,  and  Davies  (1974)  has 
documented  labral  rakes  used  in  collecting  benthic  detritus .  For  other 
aquatic  dipteran  larvae,  the  labrum  is  modified  into  a  labral  brush, 
with  median  and  lateral  labral  hair  fields  used  for  sweeping  finely 
divided  organic  detritus  (Schremmer  1950a;  Pucat  1965,  his  "browser" 
category;  Wallace  and  Merritt  1980) .  Adult  lepidopterans  have  a 
superficially  similar  modification,  the  pilifer,  with  setae  occurring  at 
the  lateral  labral  margins  only  and  used  probably  as  a  proboscis  brace 
(Schmitt  1938).  Finally,  in  many  fluid- feeding,  stylet-bearing  forms, 
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B.  STRAIGHT  TO  CURVILINEAR. 
ISO:  Kalotermes  Havicollis 
Fabricius.  Adult,  [Richard  1951]. 


C.  NOTCHED. 

HYM:  Messorstmctor  Latreille. 
Adult  alate,  [Bugnlon  1930]. 


D.  MUCRONATE-ACUMINATE 
COL:  Photurus  Pennsylvania 
DeGeer.  Larva,  [Boving  &  Craig¬ 
head  1931]. 


E  TRIANGULAR-ACUTE.  . 

MEG:  Slalls  ilavllatera  (Llnneaus). 
Larva,  [Rober1941]. 


H.  BEAK  BRACE 

HET:  Vella  rivutonjm  Fabricius. 
AdulL  [Servadel  1946]. 


K.  APERTURATE 

ANO:  Haematoplnus  suls 
(Linneaus).  Adult,  [Stojanovich 
1945]. 


F.  UNGULATE  G.  PECTINATE 

COL:  Ochthebius  impressus  DIP:  Dlxa,  sp.  Larva, 

Marsham.  Larva,  [Boving  &  [Schremmer  1950b]. 

Craighead  1931]. 


J.  MEMBRANOUS. 
MEG:  CorytJalus,  sp. 
Larva,  [Kramer  1955]. 


N.  PENICILLATE 
EPH:  Oligoneuria,  sp. 
Larva,  [Murphy  1922]. 


FIGURE  14.  Character -states  of  Character  22:  modification  of  distal 
labral  margin.  Not  drawn  to  scale. 
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the  labral  margin  is  laterally  incurved,  forming  an  aperture  for  stylet 
protrusion.  This  occurs  for  the  buccal  cone  of  the  Anoplura  (Stojano- 
vich  1945)  or  the  labral  cup  of  some  piercing-and-sucking  Coleoptera 
(Sen  Gupta  and  Crowson  1973).  These  and  other  character- states  illus¬ 
trate  the  diversity  of  labral  margins  that  are  instrumental  in  capturing 
or  otherwise  processing  an  equal  diversity  of  food  types. 

5.7.4.  Labral  Participation 
in  Multielement  Mouthpart 
Structure  (Character  23) 

Various  functions  are  provided  by  the  participation  of  the  labrum 
in  multielement  mouthpart  complexes.  The  participation  can  vary  from 
various  indirect  support  structures ,  such  as  a  brace  for  a  fluid- 
ingesting  hemipteroid  beak  (Parsons  1959,  1962),  to  incorporation  into  a 
rostrum  or  proboscis.  An  example  of  the  latter  is  found  in  seminivorous 
weevils ,  where  the  labrum  forms  a  wall  sclerite  in  the  greatly  elongated 
rostrum  of  the  head  capsule  (DOnges  1954).  Similarly,  among  the 
Thysanoptera,  the  labrum  is  one  of  several  sclerites  forming  the  wall  of 
the  mouthcone,  serving  as  a  truncate  haustellum  for  housing  and  guiding 
the  three  short  stylets  (Reyne  1927,  Mickoleit  1963).  Additionally,  the 
labrum- epipharynx  constitutes  one  of  several  stylets  in  various  dipteran 
and  siphonapteran  proboscides  (Robinson  1939,  Snodgrass  1959)  designed 
for  blood-  or  sap-feeding.  A  unique  situation  exists  for  aquatic 
odonatan  larvae,  wherein  the  labrum  is  a  holding  device  for  a  prehen¬ 
sile,  raptorial  labial  mask  that  is  used  to  impale  prey  (Snodgrass 
1954) . 
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5.8.  Character-Group  VI:  The  "Pharyngeal"  Region 
The  term  "pharyngeal  region,"  when  applied  to  the  cibarium, 
hypopharynx ,  or  epipharynx,  is  a  misnomer  since  the  term  "pharynx" 
strictly  applies  to  the  region  of  the  stomodaeum  between  the  cibarium 
(also  known  as  buccal  cavity  or  preoral  chamber)  and  the  esophagous 
(Matsuda  1965).  However,  because  of  nomen- clatural  tradition,  the  terms 
"hypopharynx"  and  "epipharynx"  are  used  even  though  both  structures 
surround  the  cibarium  and  not  the  pharynx  (Snodgrass  1960) .  The 
epipharynx  constitutes  the  ventral,  often  membranous  surface  of  the 
^■akrum  whereas  the  hypopharynx  is  a  protruding  lobe  separating  the 
cibarium  from  the  salivarium.  Nevertheless,  there  are  diverse  and 
significant,  food- related  modifications  of  the  epipharynx  and  hypo- 
pharynx  that  are  related  to  the  acquisition,  processing  and  ingestion  of 
food.  The  degree  and  diversity  of  modification  of  both  structures  and 
associated  diets  are  as  spectacular  as  the  better  known  mandibles. 

5.8.1.  Cibarium  Size 
(Character  24) 

The  cibarium  serves  as  a  preoral  vestibule  where  secured  food  is 
manipulated,  masticated  and  prepared  for  ingestion.  Cibarial  size  is 
related  to  gross  diet  since  solid-food  ingesters  have  relatively  small 
cibaria  (Eidmann  1925)  and  liquid-food  ingesters  have  potentially  large 
cibaria  because  of  the  presence  of  clypeal  pumps  (compare  Eidman  1925 
with  Schmitt  1938) .  A  clypeal  pump  can  stretch  the  dorsal  cibarial  wall 
to  abut  against  the  clypeal  sclerite  upon  dilation  of  the  clypeal 
muscles  (Eastham  and  Eassa  1955) .  Thus  this  bimodal  size  distribution 
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of  cibaria  is  indicative  of  solid- feeding  (relatively  small-sized 
cibaria)  or  liquid- feeding  (relatively  large-sized  cibaria).  An 
intermediate- sized  cibaria  is  allowed  for  in  those  instances  where 
cibarial  size  cannot  be  pidgeonholed  into  either  category. 

5.8.2.  Hypopharynx  Type 
(Character  25) 

The  hypopharynx  in  orthopteroid,  coleopteran  and  other  nominally 
biting- and- chewing  groups  serves  as  a  tongue.  According  to  Popham 
(1961) ,  the  maxillae  move  the  food  anteriorly  over  the  hypopharynx  as 
the  mandibles  are  abducted.  Simultaneously  the  hypopharynx  moves 
forward  and  upwards ,  pushing  the  food  towards  the  true  mouth  and  between 
the  mandibles.  As  a  consequence  of  this  action,  the  salivarium  is 
exposed  and  extraoral  digestive  enzymes  are  thus  spewn  into  the  cibarium 
and  mixed  with  food.  As  the  mandibles  then  adduct,  the  maxillae  are 
abducted  and  the  hypopharynx  is  depressed  to  the  floor  of  the  cibarium, 
near  the  labial  lower  lip  (see  Smith  1985).  This  stereotyped,  hard¬ 
wired  response  occurs  in  biting- and- chewing  insects  and,  depending  on 
food  type,  the  hypopharynx  can  be  variously  modified  to  accommodate 
particular  diets.  However,  in  many  holometabolus  insects  it  is  weakly 
developed  or  absent  (Matsuda  1965) . 

The  wealth  of  hypopharyngeal  modification  is  expressed  at  a 
fundamental  level  in  two  principal  structures:  the  lingua  and  the 
superlinguae,  each  of  which,  or  both,  may  or  may  not  be  present  (Fig. 
15).  The  most  generalized  state  occurs  in  adult  orthopteroid  forms, 
which  consists  of  a  single  tonguelike  process  in  omnivores  (Blattodea) 
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B.  SPATHULATE 

ODO:  Ubellula  quadrimaculata 
Unneaus.  Adult,  dorsal  aspect, 
[Marshall  1914], 


C.  BILOBED. 

COM:  Neanura  muscorum 
(Templeton).  Adult,  dorsal 
aspect,  [Wolter  1963]. 


D.  LINGUA  ♦  LATERAL 
SUPERLINGULAE 
ARC:  Machlllssp.  Adult, 
dorsal  aspect,  [Bltsch  1963]. 


E  MUCRONATE 

COL:  Uicromalthus  debilis 
LeConte.  Larva,  dorsal  aspect, 
[Bovlng  &  Cralgnead  1931]. 


PECTINATE 

EPH:  Lepeorus  goyl  Peters. 
Naiad,  dorsal  aspect,  [Schonn- 
mann  1981]. 


G.  STY  LATE 

DIP:  Promachus  vertebratus 
(Say).  Adult,  dorsal  aspect, 
[Peterson  1916]. 


H.  PENICILLATE 

DIP:  Ptychoptera,  sp.  Larva, 
ventral  aspect,  [Bischotf  1922]. 


I.  LABELLUM-LIKE  TONGUE 
TRI:  Phryganea  striata  Linneaus. 
Adult,  anterior  aspect,  [Crichton 
1957], 


INCONSPICUOUS  LOBE 
COL:  Dermestes  nldum  Arrow. 
Larva,  dorsal  aspect,  [Bovlng 
&  Craighead  1931]. 


M.  H-SHAPED  RAMUS. 

DIP:  Tanypeza  longlmana  Fallen. 
Larva,  ventral  aspect,  [Foote  1970]. 


K. 


SPINNERET. 

LEP:  Prionoxystus  roblntae  Peck. 
Larva,  dorsal  aspect,  [MacKay 
1972]. 


SUPERUNGULAE  +  OVOIDAL 
SCLERITES  +  SITOPHORE 
MAL:  Myrsldea  comlcls  (DeGeer). 
Adult,  dorsal  aspect,  [Buckup  1959], 


SALIVARY  SYRINGE  WITH 
PISTON  PUMP. 

HET:  Triatoma  Infestans  (Klug). 
Adult,  lateral  aspect,  [Barth  1952]. 


MEMBRANOUS  SURFACE 
HYM:  Apis  melllfera  Linneaus. 
Adult  worker,  anterior  aspect, 
[Snodgrass  1942]. 


BULBOUS  RESERVOIR  + 
CLYPEAL  PUMP. 

LEP:  Papillo  demoleus  Linneaus. 
Adult,  dorsal  aspect,  [Vasudeva 
1956]. 


0.  STYLET  BRACE 

PLA:  Semidalis  aleurodiformis 
(Stephens).  Larva,  dorsal  aspect, 
[Rousset1966]. 


R.  MOLARIFORM. 

COL:  Dasdtlus  cervlnus  Linneaus. 

Larva,  lateral  and  dorsal  aspects, 

[Carpenter  &  MacDowell  1912]. 

FIGURE  15.  Character- states  of  Character  25:  hypopharynx  type, 
drawn  to  scale. 


Not 
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or  herbivores  (Orthoptera) .  Snodgrass  (1935:  114)  described  this 
structure  as  "a  thick,  sometimes  irregular  lobe,  lying  like  a  tongue  in 
the  preoral  cavity,  where  it  is  attached  to  the  head  between  the  mouth 
and  labium."  Loveaux  (1975)  and  Chapman  and  Thomas  (1978)  have  de¬ 
scribed  chemosensory  and  mechanosensory  sensillae  on  forbivorous 
orthopteran  tongues.  Lateral  superlingulae ,  with  or  without  a  medial 
lingua,  have  been  documented  by  Evans  (1921)  in  virtually  every  major 
order  of  insects,  although  superlingulae  occur  principally  in  immature 
forms.  Among  aquatic  coleopteran  larvae,  a  pectinate  hypopharynx  with  a 
lingua  and  superlingulae  occurs  in  many  filter- feeding  aquatic  species 
(Peterson  1950,  Beier  1952).  In  some  aquatic  ephemeropteran  naiads, 
superlingulae  are  modified  into  pectinate  filter- feeding  organs  (Schon- 
mann  1981) ,  whereas  in  others  they  are  modified  into  brushlike  sweeping 
organs  used  for  collecting  organic  detritus  (Murphy  1922,  Brown  1961). 

Parallel  patterns  of  hypopharyngeal  modification  exist  for  aquatic 
mosquito  larvae  (Anthon  1943;  Cook  1944a,  1949),  although  many  culicids 
have  stout  denticles  that  assist  the  mastication  of  food  by  the  mandi¬ 
bles  (Harbach  1978).  For  larval  trichopterans ,  lepidopterans  and 
symphytan  hymenopterans  the  hypopharynx  and  anterior  labium  forms  a 
protrusible  composite  organ,  the  spinneret,  used  in  producing  silk  nets 
for  trapping  detrital  food  in  aquatic  forms  (Jayewickreme  1940,  Fotius- 
Jaboulet  1961,  Wallace  and  Merritt  1980),  or  for  forming  pupal  cases  or 
"tents"  in  subsocial  species  in  terrestrial  forms  (Snodgrass  1928, 
Michener  1953). 

Hypopharyngeal  modification  is  equally  diverse  for  nonorthopteroid 
adult  forms.  In  many  holometabolous  adults  it  is  absent  or  rudimentary. 
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Among  psocopterans  and  mallophagans ,  the  hypopharynx  and  epipharynx  are 
deployed  as  crushing  or  masticating  organs  for  solid  food- -the  charac¬ 
teristic  mortar-and-pestle  structure  (Cope  1940,  Symmons  1952,  Hamilton 
1981) .  Some  mallophagans  bear  a  spinose  hypopharynx  (Cummings  1912) , 
presumably  for  macerating  exfoliated  dermal  tissue.  For  some  homo- 
pterans  and  heteropterans ,  the  hypopharynx  is  a  salivary  syringe 
activated  by  a  piston  pump  for  the  injection  of  lytic  enzymes  into  the 
stylet  canals  during  cibarial  muscle  dilation,  which  results  in  concomi¬ 
tant  uptake  of  liquid  food  upon  contraction  of  cibarial  muscles  (Parsons 
1962,  1963).  This  structure  is  lined  with  various  sensillae  used  for 
monitoring  food  platability  (Backus  and  McLean  1987,  Backus  1988). 
Piercing- and- sucking  forms  within  dipterans  bear  a  hypopharynx  trans¬ 
formed  into  a  chitinized  stylet  (Peterson  1916,  Hu  and  Peng  1936),  used 
both  as  a  piercing  organ  and  an  injection  syringe  for  various  salivary 
secretions  (Robinson  1939,  Schiemenz  1957).  The  hypopharynx  is  also 
morphologically  convergent  on  the  labellum  of  cyclorrhaphous  flies,  on 
the  Gryllidae  (crickets)  and  adult  feeding  trichopterans  (McAlpine  1981, 
Rietschel  1953,  Crichton  1957,  respectively),  and  is  used  for  surface 
fluid  feeding.  (This  structure,  the  haustorium,  has  been  confusingly 
referred  to  as  a  "haustellum"  by  previous  researchers  [Matsuda  1965]-- 
the  latter  term  should  be  reserved  for  a  stylet -ensheathing  structure 
usually  originating  from  the  labium) .  For  many  typical  mandible -bearing 
species,  the  hypopharynx  acts  as  a  simple  molariform  prominence  assist¬ 
ing  the  mandibles  in  grinding  food  (Hayes  1928).  In  summary,  with  the 
obvious  exception  of  the  mandibles,  the  hypopharynx ,  when  viewed  from 
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the  perspective  of  diet,  contains  the  greatest  degree  of  structural 
modification  of  any  mouthpart  element. 

5.8.3.  The  Epipharynx 
(Character  26) 

Although  the  epipharynx  occurs  on  the  inferior  surface  of  the 
labrum  (Cook  1944a) ,  it  nevertheless  is  anatomically  and  often  function¬ 
ally  differentiated  from  the  labrum  and  has  been  modified  into  struc¬ 
tures  independent  from  the  labrum  in  many  forms .  In  unspecialized 
forms,  the  epipharynx  is  mostly  membranous  and  richly  supplied  with 
gustatory  sensillae  and  tactile  setae  (Packard  1898,  Thomas  1966, 

Chapman  and  Thomas  1978) ,  conforming  to  the  overall  shape  of  the  labrum 
(Fig.  16).  This  condition  exists  for  generalized  orthopteroid  (Cook 
1944a)  and  coleopteran  (Hayes  1928)  forms  characterized  by  solid- food 
ingestion.  Among  liquid- feeders ,  the  epipharynx  assumes  diverse 
modifications,  including  labroepipharyngeal  stylets.  For  many  aquatic 
larvae,  the  epipharynx  constitutes  an  integral  part  of  the  filter¬ 
straining  or  brush -sweeping  apparatus. 

Some  solid- food- ingesting  insects  exhibit  structural  modifications 
deviating  from  the  generalized  epipharynx  described  above.  These  include 
the  presence  of  spines  or  coarse  setae  for  raking  detritus ,  which  occur 
among  aquatic  mosquito  larvae  (Kramer  1954,  Snodgrass  1959)  or  even 
among  terrestrial  beetle  larvae  feeding  on  carrion  (Hayes  1928) .  Adult 
floricolous  beetles  feeding  on  pollen  frequently  have  labral  brushes 
extending  to  the  epipharyngeal  surface  that  are  used  to  sweep  pollen  or 
a  similar  particulate  material  into  the  cibarium  (Schicha  1967) .  A 
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B.  UNGULATE. 

COL:  Gllschrochllus  blpustulatus 
Linneaus.  Larva,  [Verhoeff  1923]. 


F  PARTOFLABRALHAUSTELLUM. 

1.  DIP:  Lychnis  maura  Bigot 
Adult,  [Jobllng  1926]. 

2.  DIP:  Hlppoboscamaculata 
Leach.  AdulL  proboscis 
transverse  section,  [Dogra 
1967]. 


J.  MOLARIFORM. 

PSO:  Ectopsocus  briggsl  (Mac- 
Lachlan).  Adult,  [reconstructed 
from  Weber  1938b]. 


C.  SETATE. 

MEC:  Apterobittacus  apterus 
MacLachlan.  Larva,  [Applegarth 
1939]. 


G.  DENTICULATE. 

ISO:  Odontotirmes  obesus  (Rambur). 
Adult  alate,  [Visfinoi  1956]. 


K.  PENICILLATE. 

DIP:  Anopheles  quadrimaculatus 
Say.  Larva,  [Farnsworth  1947]. 


D.  STYLATE. 

SIP:  Ctenocephalides  tells 
(Bouche).  AdulL  [Snodgrass 
1946]. 


I.  LOBATEWITHBODERING 
SETAE. 

COL:  Popillia  japonlca  New¬ 
man.  Larvae,  [Hayes  1928]. 


L.  VENTRAL  FOOD  PUMP  + 
SENSORY  ORGAN  +  POST- 
LABRAL  BEAK  BRACE 
HET:  Ochtems  toeresteri 
Kormilev  &  DeCarlo.  AdulL 
[Parsons  1966a]. 


FIGURE  16.  Character-states  of  Character  26:  epipharynx 
drawn  to  scale . 


E.  MEMBRANOUS. 

TYN:  Thermobia  domestica 
(Packard).  Adult,  [Chaudon- 
neret  1950]. 


H.  VENTRAL  FOOD  PUMP  + 
SENSORY  ORGAN  + 
PRELABRAL  GROOVE 
HET:  Nolonecta  undulata 
Say.  Adult,  [Parsons  1966a]. 


M.  PAIR  OF  SCLEROTIZED 
RODS. 

BLA:  Periplaneta  austral- 
asiae  (Fabricius).  Adult, 
[Bugnlon  1920], 


N.  V-SHAPED  DEPRESSION. 
HYM:  Camponotus  llgnl- 
perda  Latreille.  Adult  worker, 
[Bugnlon  1930], 


type.  Not 
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unique  co-optation  of  the  epipharynx  and  hypopharynx  exists  among  the 
Psocoptera  and  Mallophaga,  whereby  a  hypopharyngeal  molariform  tooth  is 
received  by  a  corresponding  epipharyngeal  concavity  to  form  a  secondary 
set  of  grinding  organs  in  a  plane  180°  displaced  from  the  mandibular 
articular  plane- -the  so-called  "mortar-and-pestle"  apparatus  (Weber 
1938b,  Buckup  1959).  Among  aquatic  dipteran  larvae  the  epipharynx, 
together  with  pectinate  or  fimbriate  appendages,  constitutes  an  essen¬ 
tial  part  of  a  scraping  or  filtering  apparatus  for  sweeping  or  straining 
particulate  organic  matter  (Fortner  1937,  Pucat  1965).  Pao  and  Knight 
(1970)  have  described  the  complex  epipharynx  of  a  culicine  mosquito 
larva,  which  is  differentiated  into  bilaterally  positioned  brushes 
bearing  pectinate  hairs,  more  medially  placed,  branched,  sclerotized 
spines,  and  blunt,  spatulate,  medially  convergent  "epipharyngeal 
processes" --each  of  which  presumably  is  filtering  qualitatively  differ¬ 
ent  suspended  particle  matter. 

Insects  feeding  on  fluid  food  possess  epipharynges  that  can  (i) 
serve  as  a  beak  or  proboscis  support,  (ii)  become  part  of  the  dorsal 
cibarial  roof  in  a  sucking  pump  or  (iii)  are  converted  into  a  labral- 
epipharyngeal  stylet.  Epipharyngeal  beak  braces  are  found  among  most  of 
the  Homoptera  (Butt  1943)  and  Heteroptera  (Servadei  1946,  Parsons  1959), 
although  in  some  forms  it  is  supplied  with  sensillae  used  for  detecting 
food  suitability  (Backus  and  McLean  1987,  Backus  1988).  For  some  adult 
Diptera  and  all  feeding  adult  Lepidoptera,  the  epipharynx  is  transformed 
into  a  flexible  dorsal  tissue  layer  of  the  cibarium,  to  which  sucking 
pump  muscles  are  attached  (Snodgrass  1959,  Matsuda  1965,  Schmidt  1938). 
Labral- epipharyngeal  or  epipharyngeal  stylets  function  in  piercing 
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tissue,  or  they  assist  in  withdrawing  fluid  food  along  a  food  canal 
formed  in  conjunction  with  other  elongate  mouthpart  elements,  or  they 
accomplish  both  functions.  Certain  nematoceran,  usually  sanguinivorous , 
adult  Diptera  possess  epipharyngeal  stylets,  as  do  the  Siphonaptera 
(Nitzulescu  1927,  Snodgrass  1946,  respectively)  and  a  few  aberrant 
beetle  groups  (Vit  1977,  1981;  Sen  Gupta  and  Crowson  1973).  An  excep¬ 
tional  labral/epipharyngeal  modification  occurs  among  adult  hover  flies 
(Syrphidae)  and  three  related  adult  parasitic  fly  families  (Hippobos- 
cidae,  Nycterbiidae  and  Streblidae) ,  wherein  the  labrum-epipharynx  has 
been  prolonged  and  transformed  into  a  tubular  "stylet"  with  terminal 
teeth  for  feeding  on  pollen  or  blood  (Schiemenz  1957;  Jobling,  1926, 
1928a,  1929,  respectively). 

5.9.  Character -Group  VII :  Mandibular  Region 

La  forme  des  mandibules  varie  avec  le  regime  alimentaire . . . 

(Denis  and  Bitsch  1973:  40). 

No  other  mouthpart  element  has  as  much  well -documented  functional 
correlation  with  diet  as  the  mandibles.  Mandibular  morphology,  denti¬ 
tion  and,  to  a  lesser  degree,  articulation  and  musculation,  frequently 
have  been  used  as  features  that  are  intimately  asssociated  with  diet. 
There  are  three  reasons  for  this.  Mandibles  are,  first  of  all,  the  most 
conspicuous  elements  used  directly  in  food  processing  in  all  biting  and 
chewing  and  many  piercing- and- sucking  insects.  Secondly,  mandibles  are 
deployed  into  recognizable,  often  distinct  shapes  and  possess  character- 
izable  dentitions  that  are  demonstrably  analogous  to  vertebrate  teeth. 
Lastly,  mandibles,  since  they  are  single  articulatory  elements,  are 
easily  describable  and  can  be  compared  among  related  groups  with 
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different  feeding  habits  (Bertin  1923 ,  Golden  1925 ,  Isely  1944) .  The 
plethora  of  literature  demonstrating  relationships  between  mandibular 
features  and  diet  exemplifies  the  importance  of  mandibles  as  clues  to 
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insect  diets . 

5.9.1.  Mandibular  Articulation 
(Character  27) 

The  presence,  number  and  position  of  condyles  that  articulate  the 
movable  mandible  with  the  fixed  head- capsule  base  reveals  much  about 
gross  insect  diet.  Forms  with  a  single  condyle,  occurring  either 
primitively  (Manton  1977)  or  as  a  secondary  reversion  (Dajoz  1976),  have 
considerable  mandibular  movement  and  either  feed  on  relatively  soft 
food,  in  the  case  of  most  apterygotes,  or  are  piercing- and- sucking  forms 
without  a  lever -based  muscular  mechanism  for  protraction  and  retraction, 
exemplified  by  the  Protura,  Cerylonidae  of  the  Coleoptera  and  some 
nematocerous  Diptera.  Dicondyly  is  a  precondition  for  powerful, 
sagittally- directed  power  strokes  necessary  for  the  effective  mastica¬ 
tion  of  food  (Snodgrass  1935) .  This  situation  exists  for  all  solid  food 
consumers ,  and  it  is  typical  of  orthopteroids ,  adult  coleopterans  and 
larvae  of  most  holometabolous  larvae.  The  anatomical  plane  of  articula¬ 
tion  is  parallel  to  subparallel  to  the  sagittal  axis  in  hypognathous 
forms,  or  perpendicular  to  the  sagittal  axis  in  prognathous  forms.  The 
occurrence  of  condyles  that  are  located  at  the  triangular  base  of  a 
pyramidally  shaped  mandible  is  altered  in  curculionid  (Coleoptera) 
mandibles.  Curculionid  mandibles  are  located  at  the  terminus  of  an 
elongated  rostrum  and  bear  articulating  acetabula  above  and  below  a 
discoid,  horozontally-positioned  mandible  with  ratchet- type  teeth  that 
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are  rocked  by  an  adductor  and  abductor  set  of  muscles  inserted  on  the 
mandibles  in  the  manner  of  "guy  ropes"  (Ting  1933,  Dennell  1942,  Brack- 
Egg  1973).  This  rotatory,  mandibular  motion  is  structured  for  boring 
into  relatively  hardened  foodstuffs,  including  grain  and  seeds  (Johnson 
and  Lyons  1976). 

Among  forms  completely  lacking  condyles,  a  muscular-based  lever 
system  has  originated  for  the  protraction  and  retraction  of  often  very 
elongate,  hauste Hum -bound  stylets  for  feeding  on  deep  tissue  liquids 
(Ekblom  1926,  Newcomer  1948).  Cobben  (1978)  has  described  this  system 
of  indirect  stylet  engagement  for  numerous  heterop.teran  species,  vir¬ 
tually  all  which  bear  a  triangular -shaped  "mandibular  sclerite,"  or 
lever,  that  is  attached  to  protractor  muscles  originating  from  the  head 
capsule  or  a  tentorial  arm  and  is  also  attached  by  tendons  to  the  stylet 
base.  This  lever  magnifies  muscular  movement  during  downward  stylet 
engagement.  Upward  stylet  degagement  is  effected  by  a  direct  retractor 
muscle  that  inserts  on  the  stylet  base  and  originates  on  the  head 
capsule  or  a  tentorial  arm.  A  similar  mechanism  exists  for  the  liquid¬ 
feeding  Homoptera  (Spooner  1938,  Bourgoin  1986b),  although  for  the 

dominately  "punch- and- sucking"  Thysanoptera,  stylets  are  protracted  and 

* 

retracted  by  direct  muscular  attachments  to  the  tentorium  (Reyne  1927) . 

5.9.2.  Mandibular  Type 
(Character  28) 

According  to  Denis  and  Bitsch  (1973:  31),  "It  has  been  shown  that 
the  shape  of  the  mandibles  varies  according  to  the  [taxonomic]  order  and 
diet  of  the  insect."  When  the  totality  of  insect  mandibular  form  is 
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considered,  it  is  evident  that  there  are  at  least  as  many  mandible  types 
as  insect  diets .  Eighteen  distinctive ,  maj  or  mandible  types  have  been 
determined  in  this  study  (Fig.  17),  most  which  have  strong  associations 
with  particular  dentitions  (Character  29) .  Some  of  these  mandible  types 
are  uncommon  or  rare. 

As  an  assemblage,  mandible  types  are  very  diverse  and  range  from 
typical  orthopteroid,  pyramid- shaped  forms,  to  more  two-dimensional, 
raptorial  "talons",  to  tubular  piercing  hooks  and  prolonged,  edentulous 
stylets .  Mandibular  shape  and  dentition  can  be  quite  variable  within 
related  genera  (Narayanan  et  al.,  1955)  or  even  among  different  castes 
of  the  same  species  (Wheeler  1927,  Hare  1937,  Wilson  1971). 

Mandibles  used  as  biting- and- chewing  organs  are  robust,  usually 
dentate  and  dicondylic.  A  very  common  mandibular  type  is  the  pyramid¬ 
shaped,  generalized  form  found  in  most  orthopteroids  and  coleopterids , 
used  for  solid- food  ingestion  (Crampton  1921a) .  Occasionally  this 
mandible  type  is  differentiated  dentally  for  use  in  more  restricted 
diets,  such  as  forbivory,  graminivory,  insectivory  or  necrovory  (Bertin 
1923,  Isely  1944,  Chapman  1964).  Another  common  form  is  the  sickle¬ 
shaped,  falcate  type  used  by  predatory  forms  such  as  tiger  beetles 
(Cicindelidae;  Evans  1965a,  1965b),  worker-caste  ants  (Wheeler  1927, 
Barth  1960)  or  some  stonefly  naiads  (Hoke  1924,  Hansen  1946).  Among 
tiger  beetles,  Pearson  (1988,  oral  presentation)  has  established  a 
strong  correlation  between  mandible  length  and  prey  length  (R  =  0.943), 
indicating  a  functional  effect  of  mandibular  structure  on  prey  capture. 
Rarely,  falcate  mandibles  are  employed  for  other  functions,  such  as 
necrophagy  by  skin  beetles  (Trogidae;  Bertin  1923)  or  colony  defense  by 
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B.  TRIANGULAR. 

MAL:  Pseudomenopon  pilosum 
(Scopoli).  Adult,  [Haub  1967]. 


C.  SECURIFORM. 

EPH:  Chloeon  dipterum  Linneaus. 
Naiad,  [Brown  1961]. 


D.  QUADRANGULAR. 

ORT:  Melanoplus  angustipennis. 
Adult,  [Gangwere  1966]. 


E.  MAXILLO-MANDIBULAR  COMPLEX. 
DIP:  Rhaglo  scolopaceus  (Linneaus). ' 
Larva,  [Roberts  1969]. 


I.  STY  LATE. 

HET:  VeUa  rivulorum  Fabriclus. 
Adult,  [partly  after  Servadel 
1946]. 


G.  EXTREMELY  FALCATE.  H.  ENSIFORM. 

MEG:  Corydalus  comuta  (Linneaus).  DIP:  Slmullum  erythrocephalum. 
Adult  male,  [partly  after  Kellogg  De  Geer.  Adult,  [Grenier  1 959]. 

1902]. 


J.  TUBULATE/FALCATE 

COL:  Lampyris  noctlluca  Linneaus. 
Larva,  [Vogel  1915]. 


L.  RATCHET-SHAPED. 

COL:  Cionus  scrophulariae 
Linneaus.  Adult,  [Donges  1954], 


K.  ACICULATE 

THY:  Chirothrips  hamatus 
(Trybom).  Adult,  [Jones  1954]. 


N.  EXCAVATE 

HYM:  Apis  mellHera  Linneaus. 
Adult  worker,  [Nedel  I960]. 


M.  LAMELLATE  FLAP. 

TRI:  Phryganea  striata  Linneaus. 
Adult,  [Crichton  1957]. 


0.  HAMATE 

DIP:  Cephenomyiaauribarbus 
Meigen.  Larva,  [Cameron  1932]. 


Q.  PROLONGED.  R.  PALMATE 

COM:  Tomocerus  plumbeus  Lin-  LEP:  Carpocapsa  pomonella  Un- 

neaus.  Adult,  [Hoffmann  1908].  neaus.  Larva,  [Peterson  1948]. 


P.  GROOVED-FALCATE 

PLA:  Neurorthus  fallax  (Rambur). 
Larva,  [Zwick  1967]. 


FIGURE  17.  Character- states  of  Character  28:  mandibular  type.  Not 
drawn  to  scale. 
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worker  worker  caste  termites  (Emerson  1965,  Wootton  1984).  Extremely 
falcate,  almost  grotesque,  mandibles  are  not  used  for  feeding  and  are 
employed  for  clasping  females  during  copulation  by  adult  male  dobson- 
flies  (Matsuda  1965)  and  probably  by  adult  males  of  a  genus  of  katydids 
(Gurney  1950) . 

Variations  of  the  generalized  biting-and-chewing  mandible  are 
frequently  structured  to  perform  specific  functions  on  distinctive 
diets.  For  example,  piercing,  entognathous  insects  possess  long, 
quadrangular  mandibles  that  can  slide  up-and-down  in  a  single,  mandib¬ 
ular  articular  socket  (Borner  1909,  Bitsch  1963).  Pterygote  modifica¬ 
tions  include  mandibles  with  flexible  blades  for  scraping  and  molding 
dung  in  scarab  beetles  (Bertin  1923,  Hata  and  Edmonds  1983);  mesially 
excavated  mandibles  in  adult  hymenopterans  that  are  used  for  molding  mud 
or  wax  in  the  construction  of  dwellings  (Nedel  1960) ;  the  ratchet¬ 
toothed,  discoid  mandibles  of  weevils,  used  for  boring  or  grinding 
through  hardened  foods  (Johnson  and  Lyon  1976) ;  and  the  distally 
expanded,  pectinate  or  fimbriate  mandibles  of  mayfly  naiads  or  fly 
larvae,  used  for  filtering  or  scraping  food  (Strenger  1953;  Brown  1961; 
Craig  1974,  1977).  Colless  (1977)  has  described  mandibles  from  dipte- 
rans  that  bear  profuse,  long  setation  and  are  deployed  into  a  hemispher¬ 
ical  cephalic  fan  that  is  used  as  a  sieving  structure. 

A  major  modification  of  the  falcate  mandible  occurs  among  several 
groups  of  holometabolous  larvae  who  transform  the  mandible  into  a 
suctorial,  tubular  piercing  device  used  in  sucking  out  the  liquified 
contents  of  arthropod  prey  items.  This  general  modification  has  assumed 
at  least  three  major  variations,  including  (i)  the  tubulate  mandibles  of 
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seven  families  of  larval  Coleoptera  (e.g.  Vogel  1915,  Blunck  1918, 

Bitsch  1966,  Honomichl  1975),  (ii)  the  tubulate  mouthhooks  of  some 
cyclorrhaphan  flies  (Teskey  1981d)  (iii)  and  the  participation  of  the 
mandible  and  maxillary  lacinia  to  form  the  lumen  of  the  mandibulo- 
maxillary  complex  in  all  Planipennian  larvae  (Principi  1954,  Rousset 
1956,  Wundt  1961).  Functionally,  these  mouthpart  types  are  convergent 
on  adult  stylet-bearing  forms  engaging  in  insectivory. 

Elongate,  linear  mandibles  designed  for  nonhaustellate  piercing - 
and- sucking  and  withdrawing  of  fluid  food  occur  in  many  holometabolous 
groups  and  even  in  orders  considered  as  typically  nonpiercing.  Among 
the  typically  mandibulate  Coleoptera,  four  families  have  exposed, 
piercing  mandibles  derived  from  typical  biting -and -chewing  ancestors 
(Besuchet  1972,  Dajoz  1976,  Crowson  1981).  Similarly,  one  siphon¬ 
bearing  family  of  Lepidoptera,  the  Noctuidae,  contains  several  genera  of 
blood-  and  fruit-feeders  with  a  galeal  siphon  modified  into  a  mono- 
stylate  piercing  instrument  (Darwin  1875,  Srivastava  and  Bogawat  1969, 
Banziger  1967-1980).  The  apterygote  Protura  also  bear  nonhaustellate 
stylets,  with  the  major  difference  of  being  housed  in  a  buccal  sac 
(Francois  1959).  ^In  haustellum-bearing  groups,  mandibles,  when  present, 
can  take  the  form  of  small,  relatively  short,  stilleto- shaped  stylets 
used  in  puncturing  shallow  tissue,  or  they  can  be  very  long,  gracile 
stylets  that  can  be  coiled  like  a  watchspring  in  the  cephalic  capsule 
upon  retraction  (Spooner  1920,  China  1931).  Among  the  former,  the 
Thysanoptera  and  some  nematocerous  Diptera  are  good  examples  (Peterson 
1915,  Risler  1957,  Wirtz  1987a),  bearing  mandibles  similar  in  shape  to 
various  nonhaustellate  piercing  groups,  and  are  used  to  punch  into 
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substrates  such  as  pollen,  seeds,  or  shallow  dermal  tissue  (Kirk  1984, 
1985;  Mound,  in  litt. ,  1986).  By  contrast,  deep-tissue  feeding  is 
prevalent  in  the  Homoptera,  Heteroptera  and  in  various  nematocerous  and 
brachycerous  Diptera.  The  Homoptera  and  Heteroptera  are  characterized 
by  noninterlocking,  opposable,  mandibular  stylets  working  in  conjunction 
with  similarly  long,  adjacent  maxillary  stylets  housed  in  a  completely 
encircling,  segmented  labial  beak  (Parsons  1959,  Cobben  1978,  Wirtz 
1987a).  Many  adult  Diptera  are  also  deep-tissue  feeders  and  are 
similarly  characterized  by  noninterlocking,  opposable  mandibles,  but 
they  are  loosely  housed  in  a  partly  encircling,  unsegmented,  labral- 
labial  or  entirely  labial  proboscis  (Vogel  1921,  Whitfield  1925,  Jobling 
1933,  Grenier  1959).  In  some  relatively  shallow- feeding  dipterans  the 
mandibles  are  wide,  serrated  blades  (Jobling  1928,  McKeever  1986, 
McKeever  et  al.  1988)  that  are  used  for  cutting  and  slashing  surface 
tissue  rather  than  piercing  action  of  deep -tissue  feeders.  A  unique 
situation  exists  for  anoplurans,  which  bear  prolonged,  fixed  mandibles 
that  are  nonarticulating,  unmusculated  and  U-shaped  in  cross-section 
(Hirsch  1987).  Anopluran  mandibles  are  used  as  stylet  guides  for  the 
protraction  and  retraction  of  the  hypopharyngeal  and  labial  stylets 
(Hirsch  1986) . 

5.9.3.  Mandibular  Dentition 
(Character  29) 

Mandibular  dentition,  as  it  relates  to  insect  diet,  has  been 
extensively  investigated.  Numerous  studies  involving  (i)  natural 
historical  field  observation  (Narayanan  et  al.  1955,  King  and  Thompson 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


101 


1958),  (ii)  laboratory  and  field  examination  of  associations  between 
dentition  and  diet  (Isely  1944;  Gangwere  1965,  1966,  1972;  Paranjape 
1985)  and  (iii)  functional  morphological  explanations  of  the  relation 
ship  between  teeth  morphology  and  diet  (Cobben  1978,  Evans  and  Forsythe 
1985) ,  have  all  demonstrated  a  close  correspondence  between  dentition 
and  diet.  This  diversity  of  approaches  and  an  eclectic  sampling  of 
insect  groups  in  assessing  the  relationship  between  dentition  and  diet 
indicates  that ,  for  many  insect  groups ,  diet  can  be  closely  approximated 
by  an  examination  of  tooth  location  and  morphology.  (Of  any  character 
in  the  data-set,  mandibular  dentition- -like  its  parallel  among  verte¬ 
brate  jaws- -has  allowed  for  numerous  approaches  for  the  study  of  the 
association  between  mouthparts  and  diet.) 

Insect  dentition  consists  of  two  general  elements:  proximal  molars 
and  distal  incisors  (Fig.  18).  Particularly  prominent,  acuminate 
incisors  are  often  termed  canines .  Canines  may  occur  as  prominent  teeth 
within  a  multitoothed  mandible,  or  they  may  consist  of  a  single, 
prominent  "tooth"  comprising  a  major  part  of  the  mandible  (Golden  1925). 
Other  elements  of  the  dentition  include  rigid,  elongate,  movable 
processes,  brushes  (brustia)  and  isolated  or  spaced  setae  forming 
straining  or  sweeping  apparati  (see  Knight  [1971]  for  examples  among 
culicid  larvae) .  Also  important  are  various  chemosensory  and  mechano- 
sensory  sensillae,  positioned  at  gustatorily  strategic  locations  on  the 
mandible  (Louveaux  1972,  Chapman  and  Thomas  1978). 

The  best  examples  of  dentition/diet  associations  occur  in  studies 
of  the  Orthoptera  and  Coleoptera.  For  the  Orthoptera,  Isely  (1944) 
examined  89  species  of  North  American  Acrididae  and  Tettigonidae  and 
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B.  EDENTATE. 

DIP:  Tabanusatiatus 
Fabricius.  Adult  female, 
[Snodgrass  1943]. 


F.  PECTINATE. 

EPH:  Siphlonurus  aestivalis 
Eaton.  Naiad,  [Schonmann 
1981], 


C.  MOLAR  REGION 
DOMINANT. 

PHA:  Dlaphaneromera 
temorata  (Say).  Adult, 
[Walker  1933]. 


G.  CHELATE. 

COL:  Axiocetylon  cavicolle 
Grouvelle.  Adult,  [Sen  Gupta 
&  Crowson  1973]. 


D.  INCISIFORM  REGION 
DOMINANT. 

COL:  Hydrophllus  ptceus 
Linneaus.  Adult,  [Golden 
1925]. 


H.  PROSTHECATE. 

COL:  Umnius  troglodytes 
Gyllenbal.  Larva,  [Boving  & 
Craighead  1931]. 


L  PENICILLATE 
TRI:  Drusus  triSdus 
Mac  Lachlan.  Nymph, 
[Fotius-Jaboulet  1961] 


J.  PROMINENT  CANINE  + 
MOLAR  REGION. 

COL:  Cantharis  sp. 
Larva,  [Peterson  1951]. 


N.  LOPHODONT. 

COL:  Melolontha  vulgaris 
•  Fabricius.  Adult,  [Bertin 
1923]. 


K.  LACINIA  MOBILIS 
DOMINANT. 

EPH:  f  r-  *  <s  pugnax 
LeCoul'.'.  .'.Uad,  [Snod¬ 
grass  1950]. 


O.  BARBED. 

HET:  Hydrometra  stagnorum 
Unneaus.  Adult,  [Cobben 
1978]. 


E  MOLAR  AND  INCISOR 
REGION  DOMINANT. 
BLA:  Periplaneta  austral- 
asiae  (Fabricius).  Adult, 
[Mangan  1908]. 


I.  SERRATE 

HET:  Triatoma  maculata 
Erichson.  Adult,  [Cobben 
1978]. 


M.  PSITTACIFORM. 

MAL:  Laemobothrium  gypsis  . 
Kellogg.  Adult,  [Snodgrass 
1905]. 


P.  PROMINENT  CANINE 
ONLY. 

COL:  Chilocorus  blvul- 
nerus  MulsanL  Larva, 
[Gage  1920]. 


FIGURE  18.  Character-states  of  Character  29:  mandibular  dentition.  Not 
drawn  to  scale. 
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found  seven  distinct  modes  of  dental  and  mandibular  modification, 
involving  molar  spacing,  molar  and  incisor  sculpture,  the  degree  and 
type  of  molar-cusp  development  and  mandibular  length.  His  corresponding 
diet  categories  were  f orb ivory,  graminivory,  herb ivory  (intermediate 
between  the  former  two),  carnivory,  seminivory,  florivory/forbivory  and 
lignivory.  In  an  earlier  study,  Isely  (1938)  also  found  distinct 
associations  between  diet  and  diet  breath.  Chapman  (1964)  and  Patterson 
(1983)  produced  results  consistent  with  Isely' s  classification,  distin¬ 
guishing  three  basic  diet  and  dentition  types- -forb ivory ,  graminivory 
and  herb ivory- -among  more  taxonomically  limited  data-sets.  Gangwere 
(1960,  1965,  1972),  in  an  independent  study  of  68  species  of  Michigan 
Orthoptera,  arrived  at  practically  identical  mouthpart/diet  associations 
as  Isely  (1944),  using  mandibular  as  well  as  other  mouthpart  data.  In  a 
brief  study  of  Argentinian  orthopterans ,  Liebermann  (1968)  used  cusp 
morphology  to  distinguish  between  forbivorous  and  graminivorous  denti¬ 
tions.  These  results  were  repeated  by  Williams  (1954)  in  a  study  of 
Locusta,  Schistocera  and  eleven  British  acridids.  Golden  (1925),  in  a 
coarser-grained  but  taxonomically  more  comprehensive  study,  was  able  to 
differentiate  omnivorous ,  herbivorous  and  carnivorous  dentitions  among 
members  of  the  Orthoptera,  Blattodea,  Mantodea,  Phasmida,  Dermaptera  and 
Odonata.  As  a  rule,  carnivorous  species  lack  grinding  molar  areas  and 
bea.r  acuminate  incisors  (Watson  1955;  Popham  1959,  1962;  Matsuda  1965), 
whereas  herbivorous  species  sens u  lato  bear  well -developed  molar 
grinding  surfaces  (Pradhan  1938,  Butt  1951)  at  the  expense  of  incisor 
development,  and  omnivorous  and  some  leaf-cutting  species  possess  a 
battery  of  both  cusped  molars  and  well -developed  incisors  (Bertin  1923). 
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Major  dentition/diet  patterns  have  also  been  documented  for  adult 
Coleoptera.  For  ladybird  beetles  (Coccinellidae) ,  herbivorous  species 
are  characterized  by  an  incisor  region  bearing  a  few  blunt  teeth  used 
for  scraping  surface  tissue  and  a  molar  region  consisting  of  grinding 
teeth  with  uniformly  distributed  tubercles  (Pradhan  1938,  Butt  1951). 
Among  the  scarab  beetle  genus  Melolontha  (Scarabaeidae) ,  molars  bear  a 
lophodont  dentition,  with  the  carina  of  one  molar  occluding  with  the 
sulcus  of  the  opposite  mandible  (Osterwald  1954) .  In  forms  with 
pronounced  extraoral  digestion  such  as  the  Carabidae  and  Silphidae, 
molar  dentition  is  absent  or  minimal,  and  the  distal  mandible  region  is 
characterized  by  a  single,  pronounced,  often  falcate  tooth  bearing 
accessory  denticles  on  the  mesal,  medial  surface  (Pauly  1915,  Golden 
1925).  For  some  Scarabaeoidea,  Bertin  (1923)  and  Golden  (1925)  evaluat¬ 
ed  mandibular  dentition  for  20  genera,  concluding  that  five  major 
dentition/diet  associations  exist:  namely  forbivorous,  lignivorous, 
florivorous ,  stercovorous  and  necrovorous  types .  These  types  were 
morphologically  characterized  by  combinations  of  molar  area,  incisor 
sharpness,  incisor  shape  and  length,  mandibular  hirsuteness,  the 
presence  of  a  flexible  incisor  scraper,  and  patterns  of  maxillary  galeal 
modification.  Beetle  dentition  is  also  characterized  by  variously 
covered  articulatory  processes,  termed  prosthecae  or  laciniae  mobili, 
employed  for  moving  food  from  the  cibarium  to  the  oesophagus  (Black- 
welder  1934,  Smith  1985).  Frequently  these  processes  are  used  in 
conjunction  with  labral  and  maxillary  brushes  for  pollen  feeding  among 
floricolous  forms  (Schicha  1967,  Barth  1985). 
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Among  larvae,  dentition  patterns  are  equally  diverse.  Dentate 
forms  possessing  falcate,  tubulate  or  nontubulate  mandibles  include 
among  the  Coleoptera,  the  aquatic  Dytiscidae  (Blunck  1918) ,  Hydro - 
philidae  (Moulins  1959,  Bitsch  1966),  Gyrinidae  (Bitsch  1966,  Honomichl 
1975),  terrestrial  Lampyridae  (Vogel  1915,  Gardner  1946)  and  Cantharidae 
(Bfiving  and  Craighead  1931,  Bitsch  1966).  Similar  modifications  are 
found  in  all  Plannipennia  larvae  (see  Sundermeier  [1940]  and  Zwick 
[1967]  for  examples)  and  most  larvae  of  cyclorrhaphan  Diptera  (Teskey 
1981d) .  Other  carnivorous  forms  such  as  the  Silphidae  possess  falcate 
mandibles,  but  with  acuminate  denticles  (Lengerken  1938).  Herbivorous 
larvae,  especially  caterpillars  (Lepidoptera) ,  possess  triangular -shaped 
mandibles  with  several  palmately  distributed,  terminal  incisors  (Djamin 
and  Pathak  1967,  Lawrence  1977;  see  Peterson  1948  for  numerous  exam¬ 
ples)  .  Deciduous  cusps  of  apparently  unknown  function  have  been 
described  by  Wilcox  and  Baker  (1935)  in  larvae  of  curculionid  coleo- 
pterans.  For  aquatic  immatures,  ephemeropteran,  plecopteran,  tricho- 
pteran  and  dipteran  larvae  possess  two  major  dentition  types:  forms 
with  distal  mandibular  brushes  for  sweeping  organic  debris  into  the 
cibarium  (Hartland-Rowe  1953,  Froelich  1964  for  Ephemeroptera;  Hoke 
1924,  Chisholm  1962  for  Plecoptera;  Slack  1936  for  Trichoptera;  Chance 
1970,  Gardner,  Nielsen  and  Knight  1973  for  Diptera),  and  forms  bearing 
pectinate,  often  radiate  spines  or  setae  for  filtering  suspended 
particulate  food  (Brown  1961,  Schonmann  1981  for  Ephemeroptera;  Moulins 
1968  for  Plecoptera;  Davies  1974,  Craig  1974  for  Diptera).  Lawrence 
(1977)  provides  a  cursory  survey  variation  in  mandible  dentition  among 
herbivorous  (sensu  lato )  coleopteran  larvae. 
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Mandibular  stylet  dentition  among  piercing- and- sucking  forms  is 
much  simpler  in  variety  and  straightforward  in  interpretation.  Many, 
relatively  short  mandibular  stylets  are  edentate  and  are  used  to  pierce 
skin  or  puncture  hardened  tissue  (Smith  1985) .  This  occurs  in  the 
Protura,  Anoplura,  Thysanoptera  and  some  Diptera.  Other  forms  use  a 
cut- and- slash  approach  for  surface  feeding  and  bear  broad  blade -like 
mandibles  with  prominent  serrations  (McKeever  1986,  McKeever  et  al. 

1988) .  Relatively  long  mandibular  stylets  are  often  serrated  on  one  or 
two  sides  (Ekblom  1926;  Wundt  1961,  Cobben  1978)  or  have  barbed  extremi¬ 
ties,  forming  an  armature  of  acuminate,  recurved  denticles  encircling 
the  distal  stylet  region  (Darwin  1875,  Gordon  and  Lumsden  1939,  Wald- 
bauer  1962,  Wirtz  1987a).  In  deep- tissue -feeding  dipterans  it  is  the 
maxillary  stylets  that  are  directly  engaged  in  piercing  and  cutting 
tissue  (Griffiths  and  Gorden  1952) ,  and  the  mandibular  stylets  enter  an 
already- formed  wound  (Smith  1985).  For  deep- tissue -feeding  Homoptera 
and  Heteroptera,  the  sequence  of  piercing  is  the  opposite  (Cobben  1978)  . 
Among  aphidid  homopterans  and  glossinid  dipterans,  there  is  considerable 
control  of  stylet  movement.  For  example,  Miles  et  al.  (1964)  have 
documented  the  existence  of  a  proteinaceous  tubular  sheath,  secreted  by 
the  salivary  gland,  into  which  stylets  are  deployed  in  two  aphid 
species;  Gordon  et  al.  (1956)  have  established  that  directional  stylet 
control  is  essential  for  blood-vessel  location  for  tsetse  flies. 

Various  homopteran  species  have  the  ability  either  to  pierce  cells  or  to 
follow  intercellular  paths  along  the  middle  lamella  (McAllan  and  Adams 
1971;  Pollard  1969,  1973). 
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5.9.4.  Musculation  and 
Mandibular  Motion  (Character  30) 

Mandibular  motion  and  associated  musculation  is  a  characteristic 
associated  with  gross  diet  type.  Forms  without  mandibular  motion  or 
musculation  undoubtedly  are  nonfeeding.  Species  with  a  vertical  power 
stroke  perpendicular  to  the  sagittal  plane  and  characterized  by  protrac¬ 
tor  and  retractor  muscles  are  liquid- feeding  forms.  Typical  biting-and- 
chewing  forms  function  with  mandibular  motion  effected  by  adductor  and 
abductor  muscles  that  induce  power  and  recovery  strokes  either  perpen¬ 
dicular  to  the  sagittal  plane  in  hypognathous  forms  or  parallel  to  the 
sagittal  plane  in  prognathous  forms.  A  special  case  exists  for  those 
forms,  principally  cyclorrhaphan  fly  larvae,  with  modified  "mandibles" - - 
mouthhooks - -which  are  protracted  and  retracted  in  a  semicircular, 
vertical  plane  (Ludwig  1949,  Roberts  1971)  in  a  motion  akin  to  that  of 
piercing  stylets .  This  derived  condition  represents  a  rotation  of  the 
mandibular  muscle  origins  from  a  central  position  to  a  more  lateral 
position  on  the  cephalic  capsule,  thus  transforming  an  orthopteroid- 
type  larval  adducting/abducting  musculature  into ,  in  effect ,  a 
protracting/retracting  musculature  typical  of  most  piercing- and- sucking, 
stylet-bearing  insects. 

5.9.5.  Mandibular  Participation 
in  a  Multielement  Mouthpart 
Structure  (Character  31) 

For  those  adult  multielement  mouthpart  complexes  where  the  mandi¬ 
bles  form  an  essential  component,  mandibular  co-optation  has  been 
predominantly  for  the  uptake  of  liquid  foods.  In  almost  all 
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multielement  mouthpart  complexes ,  mandibles  have  been  transformed  into 
stylets  for  piercing  tissue  or  have  been  involved  in  the  formation  of  a 
stylet-based  food  canal  for  liquid-food  ingestion.  A  single  mandible  in 
conjunction  with  two  maxillary  stylets  has  formed  an  efficient  "punch - 
and-suck"  mechanism  in  the  Thysanoptera  (Heming  1978).  Four  elongated, 
often  barbed  or  serrated  stylets --two  internal,  piercing  mandibular 
stylets  and  two  external,  "anchoring"  maxillary  stylets- -form  the  highly 
stereotyped  piercing -and -sucking  mechanism  of  the  Homoptera  and  Hetero- 
ptera  (Cobben  1978,  Wirtz  1987a).  This  apparatus  is  enclosed  by  a 
three-  to  four-segmented  haustellum  (Smith  1985)  colloquially  known  as  a 
beak.  By  contrast,  various  Diptera  and  Siphonaptera  exhibit  a  nonseg- 
mented,  labial  haustellum  characterized  by  the  assembly  of  from  two  to 
six  noninterlocking  stylets  that  are  entrained  by  a  viscous  fluid 
causing  adherence  of  the  stylets  to  one  another  during  feeding  (Robinson 
1939,  Schiemenz  1957).  Such  a  proboscis  is  informally  described  as 
"fasiculate"  because  of  the  separation  of  stylets  during  times  of 
nonfeeding.  In  several,  mostly  mandibulate,  groups,  stylus -like 
mandibles  are  frequently  co-opted  with  maxillae  and  occasionally  with 
hypopharyngeal  or  epipharyngeal  stylets  to  form  nonhaus tel late  mouth- 
parts  used  for  piercing- and- sucking.  These  forms  feed  on  plant  juices, 
such  as  the  orthopteran  Cooloolidae  (Rentz  1980,  1987),  coleopteran 
Sphaeriidae  (Crowson  1981) ,  Rhysodidae  (Pauly  1915) ,  Eucinetidae  (Vit 
1977,  1981),  Corylophidae  (Pakaluk  1987)  and  Cerylonidae  (Dajoz  1976); 
blood,  such  as  the  mallophagan  Ricinidae  (Clay  1949) ;  and  soft  intersti¬ 
tial  soil  invertebrates,  such  as  the  collembolan  Neanuridae  (McNamara 
1924)  and  the  Protura  (Sturm  1959). 
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The  only  larval  mouthpart  co-optation  involving  the  mandible  is 
the  characteristic  mandibulomaxillary  complex  of  the  Planipennia.  In 
this  apparatus  the  prominent,  falcate  mandible  bears  a  longitudinal 
furrow  throughout  its  length  and  is  capped  by  an  adjacent,  complementary 
maxillary  lacinia.  Both  structures  conjointly  form  a  lumen  for  the 
extraction  of  liquid  food  and/or  injection  of  lytic  enzymes  into  insect 
prey  items  (Griffiths  1980) .  Adult  mandibular  co-optation  occurs  in  the 
formation  of  a  cephalic  rostrum.  A  rostrum  is  a  prolongation  of  facial 
and  fixed  mouthpart  sclerites  distally  to  form  a  pronounced,  cylindrical 
extension  of  the  face  beyond  the  bulbous  head  capsule  that  bears 
terminal  mouthparts .  This  feature  is  most  evident  in  the  Mecoptera  and 
Curculionoidea  (Coleoptera) .  Both  groups  however  are  rostrate  for 
different  reasons- -the  Mecoptera  because  of  their  habits  of  feeding  deep 
into  carrion  (Hobby  and  Killington  1934)  and  most  Curcurlionoidea 
because  of  their  ability  to  bore  or  chew  in  nominally  inacessible,  deep 
tissues  of  plants  (Crowson  1981) . 

5.10.  Character-Group  VIII:  The  Maxillary  Region 
Like  the  mandibles,  the  maxillae  are  paired  elements  but,  unlike 
the  mandible,  each  maxilla  consists  primitively  of  five  separate 
elements:  two,  mostly  fixed,  basal  elements  (cardo  and  stipes)  and 

three  movable  appendages  (galea,  lacinia  and  palpus) .  Thus  the  maxilla, 
as  a  multielement  structure,  bears  elements  that  can  be  modified  in 
various  combinations- -either  within  the  maxillary  complex  or  between  the 
maxillary  complex  and  adjacent  mandibular  or  labial  mouthpart  regions. 
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Each  of  these  three  general  types  of  co-optation  is  represented  by 
structural  modifications  in  a  major  insect  group. 

When  considered  in  its  total  range  of  structural  deviation,  the 
maxilla  exhibits  three  major  morphological  trends.  These  are  (i)  a 
generalized,  unmodified,  maxillary  form  represented  by  virtually  all 
orthopteroid,  adult  neuropteroid  and  adult  coleopterid  insects,  (ii)  a 
tendency  toward  maxillary  reduction  among  many  holometabolous  larvae  and 
most  hemipteroids  and  (iii)  various  combinations  of  intramaxillary 
elements  or  elements  between  the  maxilla  and  adjacent  mouthpart  region 
in  holometabolous  adults  to  form  feeding  organs  for  liquid  or  exception¬ 
ally  hard  foods .  An  account  of  the  generalized  condition  is  given  in 
section  3.4.4  (but  also  see  Bugnion  [1920]  and  Popham  [1961]).  Examples 
of  reduction  occur  among  hymenopteran  larvae,  wherein  the  galea  and 
lacinia  often  fuse  to  form  a  stout,  generalized  lobe  and  the  palpus  is 
shortened  in  length  and  segment  number  into  a  short  stub  (Das  1938, 
Peterson  1948).  For  most  hemipteroids,  the  only  major  demonstrable 
structures  present  are  the  maxillary  stylet,  the  maxillary  stylet  lever 
and  the  maxillary  plate;  the  galea,  palp  and  often  the  stipes  are  absent 
(Spooner  1938,  Cobben  1978).  (In  the  Anoplura,  galeal  structures  are 
used  as  a  stylet-channelling  device  [Wirtz  1987a].) 

Numerous  independent  morphological  trends  occur  in  the  maxilla  of 
holometabolous  adults.  These  include  the  conjoining  of  galeae  to  form  a 
maxillary  siphon  among  adult  Lepidoptera  and  meloid  Coleoptera  (Eastham 
and  Eassa  1955,  Grinfel'd  1975),  the  elongation  of  maxillary  laciniae  to 
form  stylets  in  various  haustellum-bearing  and  haustellum-  lacking 
proboscides  (Peterson  1916,  Francois  1959,  Cobben  1978)  and  the 
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formation  of  the  maxillo labial  complex  in  bees  (Snodgrass  1935) .  The 
maxillolabial  complex  is  characterized  by  long,  semicylindrical , 
maxillary  galeae  that  participate  in  the  formation  of  a  tubular  struc¬ 
ture  which,  in  conjunction  with  labial  palps,  is  used  for  ingestion  of 
fluid  (Harder  1982) .  Among  all  of  these  and  other  maxillary  modifica¬ 
tions  of  the  adult  Holometabola,  it  is  the  galeae  and  the  laciniae  that 
are  the  major  participants  of  morphological  innovation.  Their  transfor¬ 
mation  includes  structures  modified  as  tubes,  stylets  and  glossa- 
clasping  devices.  The  fixed  maxillary  elements,  stipites  and  cardines, 
by  contrast,  have  been  incorporated  as  wall  sclerites  in  various  rostra 
(McClenahan  1904,  Otanes  1922). 

5.10.1.  General  Condition  of 
the  Stipes  (Character  32) 

Stipital  development  and  length  is  a  general  function  of  the 
prolongation  of  the  maxillary  complex.  In  some  solid- feeding,  hypogna- 
thous  and  prognathous  forms,  stipital  extension  is  indicative  of  either 
an  abaxially  prolonged  maxilla  as  an  independent  region,  or  the  stipes 
contributes  to  wall  formation  of  an  interregion  multielement  proboscis 
with  terminal  movable  mouthparts .  Such  forms  possess  stipites  that  are 
rectangular  to  rod- shaped,  indicative  of  maxillary  elongation.  Examples 
include  the  Nemopteridae  of  the  Planipennia  (Parker  1987),  the  Curcu- 
lionidae  of  the  Coleoptera  (Pajni  and  Chhibba  1972) ,  most  adult  Meco- 
ptera  (Hepburn  1969)  and  the  Apoidea  of  the  Hymenoptera  (Plant  and 
Paulus  1987). 

Insects  with  maxillae  relatively  proximal  to  the  head  capsule  bear 
stipites  that  are  squarose  to  transversely  elongate  in  shape.  Examples 
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include  virtually  all  orthopteroid,  adult  coleopterid  and  nonapoid  adult 
hymenopterid  insects  (for  descriptions  of  this  maxillary  condition,  see 
Levereault  [1936]  for  the  Mantodea,  Butt  [1944]  for  the  Coleoptera  and 
Matsuda  [1957]  for  the  Hymenoptera) .  Among  most  liquid- feeding  hemi- 
pteroid  taxa,  the  stipites  contribute  toward  formation  of  the  maxillary 
plate  (Matsuda  1965) --a  sclerite  located  on  the  inferior  aspect  of  the 
cephalic  capsule  (Parsons  1962) .  Some  larval  and  adult  Diptera  possess 
stipites  that  are  uniquely  attached  to  their  adjacent  mandible,  or  both 
stipites  are  fused  (Gad  1951,  Valliant  and  Delhom  1956) - -structures  with 
unknown  associations . 

5.10.2.  Maxillary  Main- Body 
Segmentation  (Character  33) 

The  differentiation  of  the  maxillary  main-body- -the  stipes  and 
car do -  - into  supernumerary  sclerites  is  probably  an  indication  of  the 
articulatory  freedom  of  the  maxilla  for  manipulation  and  mastication  of 
food.  Subdivision  of  the  main-body  into  four  sclerites  occurs  in  solid- 
food-  ingesting  forms,  namely  in  virtually  all  orthopteroid  groups  and 
among  many  coleopterid  and  hymenopterid  groups.  Main-body  partitioning 
into  three  sclerites  also  occurs  in  mandibulate  groups ,  particularly 
plecopteran  naiads,  trichopteran  and  lepidopteran  larvae,  and  certain 
^ol®opteran  larvae  and  adults .  Only  hemipteroid  taxa  possess  a  uniform 
reduction  of  the  stipites  and  cardines  into  one  sclerite  only,  associat¬ 
ed  with  overall  maxillary  reduction  (only  the  lacinial  stylet  is 
conspicuously  present)  and  transformation  of  the  mouthparts  into 
piercing  stylets.  The  morphologically  nonderived  condition,  an 
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undivided  stipes  and  an  undivided  cardo,  occurs  in  adults  and  includes 
both  biting- and- chewing  forms  such  as  neuropteroids ,  many  coleopterans , 
mecopterans  and  in  surface -feeding  forms,  such  as  trichopterans , 
lepidopterans  and  hymenopterans .  There  appears  to  be  no  association 
between  the  presence  of  the  underived  condition  and  feeding  type. 

5.10.3.  Maxillary  Appendages 
(Character  34) 

The  presence  and  number  of  maxillary  appendages,  i.e.  the  galea, 
lacinia  and  palpus,  is  broadly  associated  with  diet.  The  most  taxonomi- 
cally  widespread  condition  is  the  presence  of  all  three  appendages- -a 
feature  found  in  most  solid- food- feeding  insect  orders,  especially  among 
the  apterygotes,  orthopteroids ,  Psocoptera,  Mallophaga,  Coleoptera, 
Mecoptera  and  Hymenoptera.  This  character- state  is  associated  with 
forms  that  bear  generalized  to  specialized  biting- and- chewing  mandibles. 
Of  the  ten  remaining  character- states ,  nine  are  combinations  that 
represent  anatomical  reduction.  Appendicular  reduction  can  be  condensed 
into  three  patterns:  (i)  appendage  "loss"  by  interappendicular  coales- 
cense,  such  as  fusion  of  the  galea  and  lacinia  to  form  a  mala,  (ii) 
actual  appendage  loss  and  (iii)  dimunition  in  size  of  all  appendages  and 
their  eventual  disappearance.  While  various  groups  of  immatures 
(especially  holometabolous  larvae)  characterize  many  of  the  character- 
states,  other  character -states  are  dominated  by  various  adult  species 
that  have  eliminated  a  particular  maxillary  element  to  accommodate  the 
specialization  of  other,  adjacent  elements.  In  cases  involving  nonfeed¬ 
ing  forms,  there  has  been  drastic  downsizing  of  all  movable  maxillary 
elements,  approaching  vestigiality  or  even  total  absence. 
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Maxillary  appendage  reduction  among  biting- and- chewing  immature 
forms  has  occurred  principally  by  formation  of  a  linguloid  mala  from 
fusion  of  the  galea  and  lacinia  (see  Das  1938  and  Peterson  1948,  1950 
for  numerous  examples) .  This  reduction  has  occurred  among  detritivorous 
ephemeropteran  naiads,  carnivorous  odonatan  naiads,  dominately  carnivo¬ 
rous  and  fungivorous  coleopteran  larvae  and  many  detrivorous  and 
carnivorous  dipteran  larvae,  among  other  groups.  It  is  rarely  present 
in  herbivorous  immatures .  Some  dipteran  larvae  similarly  exhibit 
development  of  a  mala,  but  lack  a  palpus  (see  Hennig  1948-1952  for 
documentation) .  Herbivorous  lepidopteran  larvae  and  most  dominately 
carnivorous,  endoparasitic  hymenopteran  larvae  bear  a  maxilla  devoid  of 
a  lacinia  (Jayewickreme  1940,  Short  1952,  MacKay  1972).  Obligately 
carnivorous  planipennian  larvae  exhibit  complete  suppression  of  the 
galea  and  palpus,  with  the  lacinia  forming  a  conspicuous  sickle-shaped 
cover  for  the  channeled,  piercing  mandible  (Rousset  1966).  Likewise, 
galeal  and  palpal  supression  is  repeated  in  immature  and  adult  Homoptera 
and  Heteroptera,  wherein  the  lacinia  becomes  a  prolonged,  sclerified 
stylet  moving  in  conjunction  with  mandibular  stylets  (Muir  and  Kershaw 

1911,  Cobben  1978).  Maxillary  reduction  also  occurs  in  several  genera 

» 

of  adult  Noctuidae  (Lepidoptera) ,  which  are  characterized  by  the  absence 
of  laciniae  and  palps  and  the  presence  of  a  galeal  siphon  transformed 
into  a  semirigid,  distally  sclerified  and  barbed  stylet  for  feeding  on 
blood  or  on  fluids  deep  in  fruit  tissue  (Banziger  1967-1980). 

Many  other  adult  insects  have  variously  transformed  laciniae  into 
stylets  while  retaining  other  maxillary  appendages.  The  Thysanoptera 
possess  a  stiletto -shaped  lacinial  stylet,  a  palpus  and  a  galea  that 
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forms  a  region  of  the  mouthcone  wall  (Peterson  1915,  Heming  1978).  Most 
piercing-  and- sucking  dipterans  lack  galeae  but  retain  their  lacinial 
stylets  and  palps ,  especially  among  the  more  derived  Nematocera  and 
Brachycera  (Peterson  1916,  Hoyt  1952).  By  contrast,  virtually  all  adult 
lepidopterans  lack  laciniae  and  bear  prominent  galeae  conjoined  into  a 
flexible  siphoning  tube  for  fluid-feeding  (Eastham  and  Eassa  1955; 
Ehrlich  1958a,  1958b).  Apoid  hymenopterans ,  however,  possess  rather 
small,  lobate  lacinia  and  bladelike,  amplexiform  galeae  (Saunders  1891, 
DeMoll  1908)  employed  for  clasping  the  glossa  as  it  is  withdrawn  with 
liquid  food  (Snodgrass  1947).  Almost  all  of  the  above-mentioned 
examples  can  be  characterized  by  a  discrete  combination  of  maxillary 
appendages,  each  of  which  is  associated  with  a  distinctive  feeding  style 
and  often  a  categorizable  diet. 

5.10.4.  Maxillary  Palpus 
Segmentation  (Character  35) 

When  considering  the  total  array  of  maxillary  palp  segment  number 
(Fig.  19),  four  general  trends  are  evident.  The  first  trend  is  reten¬ 
tion  of  the  probably  primitive  five -segmented  condition  (palpifer 
excluded) ,  as  displayed  by  thysanurans ,  all  orthopteroid  forms  and  the 
adults  of  neuropteroids ,  Mecoptera,  Trichoptera,  mandibulate  zeuglo- 
pteran  Lepidoptera  and  nonapoid  Hymenoptera.  The  only  group  with  fluid¬ 
feeding  habits  retaining  five  segments  is  the  nematocerous  Diptera, 
whose  palps  are  not  employed  for  food  manipulation. 

The  second  trend  is  formation  of  palps  with  additional  segments- - 
usually  six  or  seven- -among  archaeognathans  (Bitsch  1956)  and  apoid 
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A.  SEGMENTS  ABSENT. 

LEP:  Imma  acosma  Turner. 
Adult,  [Philpott  1927]. 


D.  THREE  SEGMENTS. 

THY:  Chlrothrips  hamatus 
(Trybom).  Adult,  [Jones 
1954]. 


B.  ONE  SEGMENT. 

TRI:  Sericosoma  perso- 
return  (Spence).  Adult 
male,  [Crichton  1957]. 


E.  FOUR  SEGMENTS. 
SIP:  Ctenocephalus 
cants  (Curtis).  Adult, 
[Wenk  1953]. 


G.  SIX  OR  MORE 
SEGMENTS. 

HYM:  Hylaeus  sp. 
Adult,  [Saunders 
1891]. 


C.  TWO  SEGMENTS. 
COL:  Peltodytes  sp.  • 
Larva,  [Jaboulet 
I960]. 


F.  FIVE  SEGMENTS. 

PHA:  Necrosia  sparaxes 
Westwood.  Adult,  [Gan* 
grade  1965]. 


FIGURE  19.  Character- states  of  Character  35:  maxillary  palpus  segmenta¬ 
tion.  Not  drawn  to  scale. 
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hymenopterans  (Michener  1944).  According  to  Boudreaux  (1987)  the 
primitive  number  of  maxillary  palp  segments  is  five,  and  forms  with 
supernumerary  segments  have  acquired  them  by  secondary  addition. 

However,  KukalovA-Peck  (1987)  concludes,  based  on  recently  described 
fossil  material,  that  that  maxillary  palp  segmentation  is  primitively 
eight.  If  so,  virtually  all  extant  insects  have  a  reduced  segment 
number.  Among  archaeognathans  the  palps  are  large,  conspicuous  and 
setate,  and  are  probably  used  for  tactile  response  and  food  manipula¬ 
tion.  The  palp  shape  resembles  a  primitive  appendage  (Sharov  1966)  and 
in  some  related  fossil  forms  appear  to  bear  terminal  tarsi  (KukalovA- 
Peck  1980)  suggesting  that  seven  or  eight  segments  is  the  primitive 
number  for  insects  (also  indicated  by  Denis  and  Bitsch  [1973]  and 
KukalovA-Peck  1987]).  In  the  case  of  apoid  hymenopterans,  subdivision 
of  the  palp  into  six  or  seven  segments  is  secondary  (Crampton  1923b)  and 
palps  are  probably  used  for  food  manipulation,  akin  to  orthopteroid 
insects . 

The  third  trend  is  reduction  of  maxillary  segment  number,  of  which 
there  are  several  themes .  One  theme  is  reduction  of  segment  number  to 
four,  evident  in  the  adult  Coleoptera  (Williams  1938,  Crowson  1981)  and 
many  adult  Lepidoptera  (Philoptt  1927),  and  also  present  in  the  Protura 
(Tuxen  1962) ,  Psocoptera  and  Mallophaga  (Symmons  1952)  and  Siphonaptera 
(Snodgrass  1946) .  Another  theme  is  the  presence  of  one  to  three 
maxillary  segments  among  some  aptery  gotes  (entotrophs  and  collem- 
bolans) ,  paleopterans ,  thysanopterans ,  and  adult  brachyceran  and 
cyclorrhaphan  dipterans.  A  final  theme  is  the  occurrence  of  one  to 
three  segments  among  aquatic  immatures  of  filter- feeding  and  carnivorous 
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paleopterous  naiads- and  dipteran  and  trichopteran  larvae,  as  well  as 
terrestrial  coleopteran,  lepidopteran  and  hymenopteran  larvae  (see 
Peterson  1948,  1950). 

Lastly,  the  fourth  trend  is  a  consequence  of  maxillary  reduction, 
namely  the  absence  of  maxillary  palps.  This  trend  characterizes  (i) 
part  of  the  Baupl&ne  the  fluid-  feeding  hemipteroid  groups  Anoplura, 
Homoptera  and  Heteroptera  (partly  from  Parsons  1964b),  (ii)  various 
holometabolous  larvae  whereby  maxillary  supression  or  loss  has  occurred 
independently  in  numerous  lineages  (Bischoff  1922a,  Ripley  1923,  Clancy 
1946)  and  (iii)  in  adult  nectarivorous  lepidopterans  of  the  superfamily 
Papilionoidea  (Philpott  1927). 

Although  the  patterns  described  above  are  coarse-grained  trends 
that  involve  numerous  taxonomically  disparate  groups  which  arose 
convergently ,  palp  segment-number,  on  occasion,  can  vary  intraspecifi- 
cally.  This  has  been  demonstrated  for  castes  belonging  to  many  groups 
of  ants  (Kusnezov  1954a,  1954b)  and  it  may  be  common  in  other  social 
insects . 


5.10.5.  Maxillary  Palpus 
Type  (Character  36) 

i 

Three  pairs  of  articulated  appendages- -maxillary  palpi,  labial 
palpi  and  antennae -- are  the  major  probing,  sensory  structures  occurring 
on  the  heads  of  insects.  Maxillary  palpi  are  typical  in  this  regard 
since  they  are  instrumental  in  contacting,  feeling  and  manipulating  the 
food  environment  of  the  insect  (Gangwere  1960,  Chapman  1982;  see 
Staedler  1977  for  a  review) .  The  most  generalized  palpus  type  is 
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fi-1-ifoETii  and  occurs  among  solid  food- feeding  pterygotes  (Fig.  20) 
Filiform  palps  are  long,  sensory,  five-segmented,  and  associated  with  a 
full  complement  of  maxillary  appendages  and  usually  a  lobate  galea. 
Filiform  palps  are  provided  with  various  sensory  organs,  including 
chemoreceptors  in  locusts  (Thomas  1966,  Chapman  and  Thomas  1978)  and 
crickets  (Klein  and  Mtiller  1978) ,  sensory  papillae  in  adult  rove  beetles 
(Blackwelder  1936)  and  pit  sensillae  in  adult  neuropterans  (Chapman 
1982) .  They  serve  a  pivotal  role  in  solid  food  selection  (Blaney  and 
Chapman  1970)  and  can  assess  food  platability  at  significant  distances 
from  the  head  capsule  (Roberts  1972) .  Filiform  palps  occur  predominate¬ 
ly  in  orthopteroids ,  adult  neuropteroids ,  many  adult  panorpoids  and  most 
adult  Hymenoptera.  Morphological  deviations  from  the  generalized  fili¬ 
form  condition  include  the  serrate  and  clavate  types.  The  serrate  type 
is  chaiacterized  by  distal  expansion  and  proximal  narrowing  of  each 
palpal  segment  and  is  borne  by  solid  food  consumers  such  as  mallophagans 
and  adult  coleopterans  and  hymenopterans .  Clavate  palpi  possess 
pronounced  distal  expansion  of  the  terminal  segment  and  are  found 
usually  in  adult  solid- food- ingesting  coleopterans. 

Several  other  distinctive  palp  morphologies  occur,  associated  with 
particular  diets.  Frequently  palps  become  very  hirsute  and  are  employed 
in  trapping  fine  particulate  matter,  particularly  in  the  aquatic  realm 
among  brush- sweeping  ephemeropteran  naiads  (Strenger  1954)  and  among 
nematocerous  dipteran  larvae  (Pao  and  Knight  1970) .  In  the  terrestrial 
realm,  adult  fluid- feeding  lepidopterans  have  converted  hairs  to  a  dense 
vestiture  of  shingled  scales  on  a  tactile  palp  that  has  been  reduced  in 
size  and  segment  number  (Walter  1885a) .  This  reduction  presumably  is  a 
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G.  PENICILLATE 
EPH:  Hexagenia  sp. 
Naiad,  [Morgan  1913]. 


E  SERRATE 

HYM:  Apanteles  glomeratus 
(Linneaus).  Adult,  [Grandori 
1911]. 


I.  ACICULATE 

HYM:  Anthophora,  sp. 
Adult,  [Saunders  1891]. 


K.  APPRESSED  LOBE 

ODO:  Onchyogomphusardens 

J.  PAPILLATE  Needham.  Adult,  [Chan  1953], 

HYM:  Anthophora  sanfordiana 
Cockerell.  Larva,  [Mlchener  1953]. 


FIGURE  20.  Character- states  of  Character  36:  maxillary  palpus  type. 
Not  drawn  to  scale. 
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response  to  enlargement  of  the  long,  hairy  proboscis,  which  has  assumed 
much  of  the  mechanoreceptive  function  (Philpott  1927).  Notably, 
maxillary  palps ,  unlike  galeae  and  laciniae ,  are  not  used  as  brush¬ 
sweeping  organs  in  floricolous  beetles  (Grinfel'd  1975,  Crowson  1981). 

In  some  adult  Coleoptera,  such  as  the  Paussidae  and  in  some  adult 
Trichoptera,  an  enlarged  middle  segment  indicates  expansion  of  a 
specialized  sensory  organ  (Cummings  1913,  1914;  Crichton  1957).  A 
unique  condition  exists  among  insectivorous  odonatan  adults ,  wherein  the 
maxillary  palp  is  a  short  lobe  appressed  to  a  raptorial  mala  (Hakim 
1964) .  Larval  maxillary  palpi  are  generally  diminutive  and  usually  are 
either  setigerous  or  aciculate,  as  in  herbivorous  lepidopterans  or 
hymenopterans  (Dethier  1937,  Jayewickreme  1940,  Lorenz  and  Kraus  1957), 
or  short  and  stubby  in  ominivorous  to  carnivorous  coleopterans ,  dipte- 
rans  and  trichopterans  (Lloyd  and  Lloyd  1921,  Dethier  1937,  Teskey 
1976)  . 

5.10.6.  Maxillary  Palpus 
Aspect-Ratio  (Character  37) 

Maxillary  palpus  aspect-ratio  is  determined  by  the  ratio  of 
average  segment  width  to  total  palpus  length,  excluding  setae  and  the 
palpiger  but  including  terminal  organs  such  as  the  palpal  cone.  The 
total  range  of  palpal  aspect-ratio  can  extend  from  an  inconspicuous 
protuberance  on  the  maxillary  main-body  in  many  larvae  (Peterson  1948, 
1951)  to  prominent,  gracile  appendages  several  times  the  antennal  length 
in  adult  hydrophilid  beetles  (Golden  1925).  (See  Crampton  [1923b]  for  a 
synoptic  study.)  (Fig.  21).  Most  maxillary  palpi  are  long  or,  less 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


MAXILLARY  PALPUS  ASPECT  RATIO 


122 


D.  SHORT. 

COL:  Galerucella  xantho- 
melaena  Schaeffer.  Larva, 
[Peterson  1951]. 


C.  INTERMEDIATE 

MAL:  Myrsldea  comicls 
(DeGeer).  Adult,  [Buckup 
1959], 


E.  VERY  LONG. 

ARC:  Petrobius  maritimus 
Leach.  Adult,  [Bitsch  1956]. 


FIGURE  21.  Character-states  of  Character  37:  maxillary  palpus  aspect- 
ratio.  Not  drawn  to  scale. 
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commonly,  intermediate  in  length.  Long  maxillary  palpi  are  strongly 
associated  with  archaeognathan  and  thysanuran  apterygotes  and  especially 
with  the  orthopteroid  and  adult  neuropteroid  assemblages  but  subordi¬ 
nate^  with  the  panorpoids.  In  virtually  all  of  these  groups,  palpi  are 
used  for  sensing  and  manipulating  solid  or  particulate  food  (see  Yuasa 
[1920],  Philpott  [1927]  and  Williams  [1938]  for  examples).  Very  long 
palpi  principally  occur  among  omnivorous  or  necrovorous  psocopterans 
(Weber  1938b),  especially  the  Raphidophoridae  (Richards  1955,  Wada  1965) 
and  the  Gryllidae  (Golden  1925)  among  orthopterans ,  where  the  palpi 
generally  are  invested  with  various  types  of  chemical  and  tactile 
sensillae  (Klein  and  Mill ler  1978).  Additionally,  very  long  palpi  occur 
sporadically  among  adult  carnivorous  coleopterans  and  typically  are 
involved  in  the  subduing  of  live  prey  (Schmitz  1943,  Cook  1943);  they 
also  occur  in  specialized  forms  such  as  the  lepidopteran  Microptery- 
gidae,  which  uses  its  long,  acuminate  palp  as  a  "pollen  scratcher"  for 
extracting  pollen  from  flowers  (Barth  1985). 

Palpi  of  intermediate  and  short  aspect-ratio  are  fairly  diagnos¬ 
tic  of  anthophilous  forms ,  such  as  the  Thysanoptera  and  especially 
certain  coleopteran  adults,  where  they  are  often  clavate  and  bear 
special  terminal  setation  used  in  securing  pollen  or  spores  (Pradhan 
1939,  Grinfel'd  1975).  Also,  the  largely  lignivorous  Isoptera  and  many 
nectarivorous  Lepidoptera  possess  intermediate - length  maxillary  palpi. 

By  contrast,  forms  with  small,  stubby  palpi  are  predominantly  holometa- 
bolous  larval  forms  which  characteristically  bear  abbreviated  cephalic 
appendages  and  well -developed  mandibles.  Adult  forms  with  short  or 
vestigial  maxillary  palpi  are  usually  those  groups  that  have  prolonged 
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or  otherwise  expanded  fluid- feeding  organs  such  as  the  labellum  of 
cyclorrhaphan  Diptera  (Peterson  1916) ,  the  galeal  siphon  of  ditrysian 
Lepidoptera  (Walter  1885,  Philpott  1927)  and  the  maxillolabial  complex 
of  some  apoid  hymenopterans ,  including  the  Megachilidae  and  Apidae 
(Saunders  1891).  Weschd  (1904)  has  presented,  for  muscoid  flies,  a 
morphological  transition  series  in  which  decreasing  palpal  length  is 
correlated  with  increasing  labellar  length,  increasing  ligular  develop¬ 
ment  and  decreasing  eye  pubescence. 

5.10.7.  Galeal  Modifications 
(Character  38) 

With  the  exception  of  the  mandibles,  the  galea  and  lacinia  consti¬ 
tute  the  most  diagnostic  mouthpart  elements  in  insects.  Galeal  and 
lacinial  form  is  associated  with  the  trophic  role  of  various  insect 
groups,  and  in  numerous  instances  similar  modes  of  individual  element 
development  and  multielement  co-optation  have  arisen  independently.  The 
general  function  of  the  galea  in  solid- feeding  orthopteroid  and  neuro- 
pteroid  insects  is  to  serve  as  a  tonguelike  lobe  for  the  forwardly- 
directed  shoving  of  food  into  the  cibarium  (Gangwere  1960,  1966;  Smith 
1985).  In  more  derived  forms  the  galea  has  been  modified  into  three 
general  modes.  One  mode  is  the  elaboration  of  hairs  and/or  sclerifica- 
tion,  changing  a  modestly  setate,  Ungulate  lobe  into  structures  such  as 
a  penicillate  brush,  a  pectinate  sieve  or  rake,  an  acessory  pair  of 
"mandibles"  or  subsegmented  palpiform  prolongations  (Fig.  22) .  In  such 
forms  the  galeae  and  laciniae  remain  separate  elements  and  the  galea  is 
modified  principally  in  vestiture  and  dermal  processes  but  not  dramati¬ 
cally  in  fundamental  shape.  The  second  mode  of  modification  is  a  marked 
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B  GENERALIZED. 

DPL:  Campodea  chardardi 
Conde.  Adult,  [Francois 
1970]. 


F.  UNGULATE. 

MEC:  Panorpa  communis 
Llnneaus.  Larva,  [Bier- 
brodt  1943]. 


J.  LOBATE,  WITH  SENSILLAE 
LEP:  Coleophora  veroniella 

Chambers.  Larva,  [DeGryse 

1915]. 


N.  CONJOINED,  COMB 
AND  RAKE 
EPH:  Heptagenta,  sp. 
Adult,  [Spieth  1933]. 


C. 


G. 


CONJOINED  LEVER. 
SIP:  Ctenocephalides 
tells  (Bouche).  Adult, 
[Snodgrass  1946]. 


PALPIFORM. 


D.  STYLATE 

PRO:  Acerentomon  affine 
(Bagnold).  Adult,  [Francois 
1969]. 


PLA:  Myrmeleon  europaeus- 
Unneaus.  Adult,  [Korn  1943].. H- 


PENICILLATE 

COL:  Eucinetus  meridionalis 

Castineau.  Adult,  [Vit  1977]. 


K.  AMPLEXIFORM/ 
LAMELLATE 
HYM:  Anthophora  sp. 
Adult,  [Saunders  1891]. 


L  MANDIBULATE 

COL:  Meiolontha  vulgaris 
Fabriclus.  Adult,  [Oster- 
wald  1954]. 


O.  CONJOINED, 
GENERALIZED. 

DIP:  Armigeres  malayi 
Theobald.  Larva,  [Cook 
1944b]. 


ELONGATE  +  TERMINAL 
SETAE/SPINES. 

PLE:  Acmneuria  abnormis 
Newman.  Naiad,  [Claassen 
1931]. 


E  SIPHONATE 

LEP:  Synanthedon  exitosa 
(Say).  Adult,  [Snodgrass 
1935], 


I.  PECTINATE 

MEC:  Panorpa  communis 

Llnneaus.  Adult,  [Hedder- 

gott  1938]. 


M.  VAGINATE 

BLA:  Periplaneta  americana  ■ 
(Unneaus).  Adult,  [Bugnion 
1920]. 


Q.  CONJOINED,  PENICILLATE 
COL:  Cionus  scrophulariae 
Unneaus.  Adult,  [Donges 
1954]. 

FIGURE  22.  Character -states  of  Character  38:  galeal  modifications.  Not 
drawn  to  scale. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


126 


elaboration  of  form,  with  or  without  a  concomitant  co-optation  of 
intramaxillary  or  extramaxillary  elements.  This  mode  includes  galeal 
structures  such  as  siphons,  stylets,  or  participation  in  the  wall 
formation  of  an  oral  cone.  The  third  mode  involves  coalescense  with  the 
lacinia  to  form  mostly  a  generalized  mala  in  holometabolous  larvae  or, 
less  commonly,  more  specialized  fimbriate,  pectinate  or  rakelike 
structures.  These  latter  morphologies  are  often  functionally  convergent 
with  the  first  mode. 

The  generalized  and  unmodified  galea  consists  of  a  fleshy,  robust, 
sparsely  to  moderately  setate  lobe  used  for  sensory  monitoring  (Thomas 
1966,  Roberts  1972)  and  handling  (Bertin  1923,  Gangwere  1960)  of  food. 
Generalized  galeae  principally  are  present  in  apterygotes  (Protura 
excepted),  the  Embioptera,  adult  Planipennia  and  sporadically  among 
larvae  of  many  major  holometabolous  orders.  A  somewhat  more  modified 
condition  is  a  gracile,  lingulate  lobe,  also  found  in  solid- food 
consumers- -in  members  belonging  to  groups  as  disparate  as  orthopterans , 
mallophagans ,  raphidiopterans ,  trichopterans ,  larval  ditrysian  lepido- 
pterans  and  larval  symphytan  hymenopterans  (see  Crampton  1923b  for  some 
examples).  Among  some  orthopteroids ,  particularly  blattoids,  manto- 
deans,  phasmatodeans  and  isopterans ,  the  galea  is  hood- shaped,  presum¬ 
ably  serving  as  a  lacinial  "cover"  (Yuasa  1920,  Roberts  1972).  Another 
modification  of  the  generalized  condition  is  a  palpiform,  "segmented" 
galea,  which  is  commonly  characterized  by  a  pseudoarticulation  separat¬ 
ing  a  basigaleal  "segment"  from  a  distigalea  (Crampton  1923b,  Crowson 
1981) .  Palpiform  galeae  are  elongate  and  are  moderately  diverse 
morphologically  (though  not  as  diverse  as  maxillary  or  labial  palps)  and 
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can  range  from  aciculate  picks  in  plecopteran  naiads  (Crampton  1923b) , 
to  typical  palpal  appendages  in  carnivorous  cicindelids  (Evans  1965b) , 
carabids  (Golden  1925)  and  cocinellids  (Pradhan  1938,  Butt  1951),  to 
fimbriate  "featherdusters"  among  floricolous  beetles  such  as  the 
Rhipiphoridae  and  Mordellidae  (Crowson  1981) .  In  a  few  carnivorous 
groups  galeae  are  transformed  into  mandiblelike  forms,  usually  in 
conjunction  with  laciniae  (although  it  is  the  laciniae  that  are  more 
often  transformed  into  mandibles,  e.g.  Adams  and  Salamon  [1972]). 
Although  mandiblelike  galeae  bear  teeth  and  often  serve  as  a  second  pair 
of  jaws,  they  have  been  documented  mostly  in  folivorous  scarabaeids 
(Bertin  1923,  Golden  1925)  and  several  trichopteran  adults  that  have 
rudimentary  mandibles  (Crichton  1957). 

One  of  the  more  notable  deviations  from  the  generalized  lobe  has 
involved  elaboration  of  hair,  coarse  setae,  or  spines  to  carry  out  the 
functions  of  sweeping,  raking  and  filtering.  This  first  mode  of  galeal 
modification  is  deployed  into  two  broad  characterizations .  various 
fimbriate  or  penicillate  galeae  found  predominantly  in  terrestrial 
adults  and  several  pectinate  modifications  occurring  mostly  in  immature 
aquatic  forms.  In  the  terrestrial  realm,  penicillate  galeae- -charac¬ 
terized  by  development  of  terminal  tufts  or  brushes  of  hairs --is  a 
recurring  theme  among  floricolous  and  fungicolous  forms ,  especially  in 
adult  and  some  larval  beetles  (see  Barth  [1985]  and  Ashe  [1984a,  1984b] , 
respectively) .  Among  floricolous  forms ,  galeae  were  described  as 
" touffles  au  pinceaux"  (Bertin  1923:  153)  and  "relchlich  mit  langen 
Borsten  besetzC"  (Golden  1925:  45)  for  pollenivorous  Scarabaeidae. 
Blackwelder  (1936:  16)  later  described  galeae  as  similar  to  a  "densely 
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hairy  lobe"  in  the  Staphylinidae  and  Evans  (1965b:  47)  examined  a 
brushlike  galea  "used  to  hold  the  food  and  push  it  dorsally"  in  an 
insectivorous  genus  of  Carabidae.  Even  more  elaborate  mechanisms  have 
been  described  for  pollinivory  in  Melyridae  (Schicha  1967,  Barth  1985) 
and  Mordellidae  (Fuchs  1974)  and  for  the  Oedemeridae  and  Coccinellidae 
(Grinfel'd  1975).  These  studies  document  the  galea  as  an  important 
component  of  a  multielement  ensemble  of  mouthparts,  each  which  is 
invested  with  appropriately  positioned  brushes  and  adhesive  hair  glands 
to  sweep,  collect  and  transport  pollen  particles  from  stamens  into  the 
cibarium.  Good  general  accounts  of  mouthpart  morphology  and  function 
among  pollinivores  can  be  found  in  Schicha  (1967),  Fuchs  (1974),  Grin¬ 
fel'd  (1975)  and  Barth  (1985). 

In  the  aquatic  realm,  galeae,  like  other  mouthpart  elements,  have 
been  altered  to  function  as  various  pectinate  filtering  or  raking 
devices.  This  is  particularly  evident  among  stratiomyiid  dipteran 
larvae  filtering  suspended  particulate  detritus  (Vaillant  and  Delhom 
1956).  More  commonly,  the  galea  has  been  fused  with  the  lacinia, 
producing  a  mala  bearing  either  (i)  finely  meshed  setal  fans  used  for 
filtering,  (ii)  coarsely  spaced  spines  used  for  raking  benthic  detritus 
or  scraping  surface  films  on  on  substrates,  or  (iii)  some  combination  of 
both  structures  (see  Cummins  and  Merritt  1984) .  (This  is  the  third  mode 
of  galeal  modification.)  Malar  filtering  fans  occur  especially  among 
many  ephemeropteran  and  dipteran  larvae,  where  active  filtration  is 
accomplished  either  by  oral-based  particle  trapping  and  sucking  process¬ 
es  (Brown  1961) ,  or  by  the  construction  of  a  tubular  burrow  and  the  use 
of  various  appendages  to  generate  a  water  current  for  active 
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interception  of  seston  in  a  cephalic  sieve  (Walshe  1951,  Hardland-Rowe 
1953).  Rakelike  malar  pectines  occur  in  some  ephemeropteran  naiads,  a 
few  coleopteran  larvae  and  many  dipteran  larvae,  where  they  are  used  for 
actively  gathering  benthic  particulate  matter  and  substrate -attached 
films  (Cummins  and  Merritt  1984,  Teskey  1984).  In  odonatan  naiads, 
malar  spines  are  used  for  recapturing  food  droppings  from  the  oral 
chamber  and  returning  it  to  the  mouth  (Pritchard  1976) . 

Profound  modifications  of  the  galea,  in  association  with  major 
morphological  realignments  with  other  mouthpart  elements,  characterize 
the  second  mode  of  galeal  modification.  In  the  Protura  and  among  a  few 
families  of  Coleoptera,  especially  the  Rhysodidae  and  Cerylonidae,  the 
stilleto- shaped  galeae  are  major  stylate  elements  for  the  piercing  of 
fungal  hyphae  (Sturm  1959,  Francois  1969,  Besuchet  1972,  Crowson  1981, 
respectively).  In  the  Siphonaptera,  the  galea  is  transformed  into  a 
"lever"  that,  when  pushed  posteriorly,  engages  the  lacinial  stylet  for 
downward  protraction  (Snodgrass  1944) .  Probably  the  most  spectacular 
modification  is  the  conjoining  of  both  galeae  medially  to  form  an 
elongate,  protrusible  and  recoilable  siphon  that  has  a  cross-section 
approximating  an  open  figure-8  with  a  median  tube  (Eastham  and  Eassa 
1955).  This  structure  is  used  by  fluid-  and  semi-fluid  feeders  and  has 
originated  at  least  four  times:  in  nonzeuglopteran  Lepidoptera  (Schmitt 
1930),  Dipseudopsidae  of  the  Trichoptera  (Ulmer  1905),  and  Meloidae 
(Smith  1898)  and  Rhipiphoridae  (suggested  by  Williams  1938)  of  the 
Coleoptera.  Although  the  galeae  are  similarly  elongated  in  many  glossa- 
bearing,  apoid  Hymenoptera,  they  however  consist  of  separate, 
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articulating  elements  that  are  U-shaped  in  cross-section  and  serve  as 
glossal  clamps  to  squeeze  fluid  from  a  retracting  glossa  (Snodgrass 
1956,  Winston  1979).  In  some  specialized  haustellate  groups  such  as  the 
Thysanoptera,  the  galea  is  fused  with  other  mouthpart  elements  and 
contributes  to  the  formation  of  the  mouthcone  (Peterson  1915) . 

The  last  mode  of  modification- -galeolacinial  fusion  into  a  mala-- 
was  mentioned  above  in  connection  with  various  pectinate  fans  and  rakes . 
A  stumpy,  generalized  malar  lobe  occurs,  however,  in  many  terrestrial 
holometabolous  larvae,  in  association  with  reduction  of  other  cephalic 
appendages .  In  many  holometabolous  larval  forms ,  the  malar  lobe  is 
entirely  lacking,  due  either  to  local  supression  of  only  the  galeal 
region  (Planipennia  and  Trichoptera)  or  complete  absence  of  the  maxilla 
(Diptera  and  Hymenoptera)  (after  Snodgrass  1935) . 

5.10.8.  Lacinial  Modifications 
(Character  38) 

Like  the  galea,  the  lacinia  is  variously  modified  into  several 
structural  and  functional  types  (Fig.  23).  The  scope  of  modification 
ranges  from  the  generalized  condition,  to  palpiform  and  mandible -like 
structures,  to  diverse  penicillate  and  pectinate  processes  and  culmi¬ 
nates  in  stylets  of  various  length  and  dentition.  Additionally,  the 
lacinia  often  is  fused  to  the  galea  in  many  groups,  forming  a  composite 
structure  in  paleopterous  naiads  and  some  holometabolous  larvae.  For 
pterygotes ,  the  generalized  lacinial  condition  consists  of  a  sclero- 
tized,  mesially-directed,  falcate  structure  with  a  row  (or  rows)  of 
spines,  usually  surmounted  by  a  larger,  distal  spine.  Such  a  structure 
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LACINIAL  MODIFICATIONS 


B  GENERALIZED. 

EPH:  Ameletus  Inopinatus 
Eaton.  Naiad,  [Landa 
1969]. 


F.  DISTYLATE 

PRO:  Acerentomon  propln- 
quum  (Conde).  Adult, 
[Francois  1959]. 


I.  ELONGATE-FLESHY. 
MEC:  Nannochorista 
dipteroldes  Tillyard. 
Adult,  ventral  aspect, 
[Hoyt  1952]. 


G.  GENERALIZED'MALA. 
RAP:  Raphidia  notata 
Fabricius.  Larva, 
[Genay  1953]. 


D.  STYLATE  SHORT. 
THY:  Hellothrips,  sp. 
Adult,  [Crampton 
1923b], 


H.  FIMBRIATE  MALA. 
DIP:  77 pula  ttvida 
Van  der  Wulp.  Larva, 
ventral  aspect,  [Chis- 
well  1955]. 


J.  PENICILLATE. 

COL:  Leptopalpus  rostratus 
Fabricius.  Adult,  [Handschin 
1929]. 


M.  PECTINATE-SPINOSE 
ISO:  Kalotermes  tlavicollis 
Fabricius.  Adult,  ventral 
view,  [Richard  1951]. 


N.  FALCATE-GROOVED. 
PLA:  Chrysopa  viridiana 
Schneider.  Larva,  ventral 
view,  [Principi  1959]. 


E  STYLATE,  LONG. 

HOM:  Magicicada  seplen- 
decim  Linneaus.  Adult, 
[Kramer  1950]. ' 


L.  MANDIBULATE. 

COM:  Brachystomella  parvula 
(Schaeffer).  Adult,  [Adams  & 
Salamon  1972]. 


O.  STYLATE-GROOVED. 
PLA:  Semidalis  aleuri- 
lormis  Stephens.  Larva, 
dorsal  view,  [Rousset 
1966]. 
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P.  ACICULATE. 

DIP:  Uriope  lenis  (Osten 
Sachen).  Adult,  [Hoyt  1952] 


Q  SPINOSBSETATE  MALA. 
ODO:  Aeshnajuncea 
(Unneaus).  Adult, 
[Popham  &  Bevons  1979]. 


a  MUCRONATE.  . 

PLE:  Alloperia  minuta 
Banks.  Adult,  ventral 
view,  [Hoke  1924]. 


FIGURE  23.  Character- states  of  Character  39:  lacinial 
Not  drawn  to  scale. 


S.  MAXILLARY  PICK. 

PSO:  Psocus  confiaternus 
Banks.  Adult,  [Cope  1940]. 


modifications 
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provides  a  mechanical  role  of  manipulating  food  before  man  dibular 
comminution  (Gangwere  1960,  1966)  as  well  as  a  gustatory  function 
through  the  detection  of  food  quality  by  chemosensillae  and  mechano- 
sensillae  (Thomas  1966) .  This  basic  structure  (and  minor  modifications 
of  it)  is  present  in  virtually  all  orthopteroids ,  many  adult  neuro- 
pteroids  and  sporadically  among  larval  Trichop tera  and  Hymenoptera. 

With  the  wide  breadth  of  diets  possessed  by  groups  bearing  the  general¬ 
ized  condition,  the  only  meaningful,  diet-related  characterization  is 
that  such  laciniae  are  associated  with  solid-food  ingestion.  Major 
modification  of  the  generalized  lacinia  has  taken  several  major  direc¬ 
tions.  These  directions  include  transformations  into  (i)  galea-like, 
spatulate  lobes  among  some  adult  lepidopterans  and  hymenopterans 
(Tillyard  1923b;  Stephen  et  al.  1969),  (ii)  nonlinguloid,  robust 
projections  among  larvae  of  the  same  groups  (Lorenz  and  Kraus  1957), 
(iii)  a  palpiform  structure  in  adult  dipte  rans  (Hoyt  1952),  or  (iv)  a 
sclerified,  dentate,  jaw-like  structure  among  collembolans  (Goto  1972) 
and  some  omnivorous  orthopterans  (Golden  1925) .  The  lacinia  also  bears 
several  structures  that  have  structural  parallels  in  the  galea,  includ¬ 
ing  fimbriate  brushes  that  especially  occur  among  adult  coleopteran, 

if  ' 

mecopteran  and  aculeate  hymenopteran  species  (Ashe  1984b;  Otanes  1922; 
and  Bugnion  1919,  1929,  1930,  respectively). 

A  penicillate  lacinia  is  often  significantly  different  from  the 
adjacent  penicillate  galea  on  the  same  maxilla.  Frequently  the  vesti- 
ture  on  both  lobes  varies  in  density,  placement,  hair  or  setal  length, 
and  hair  or  setal  coarseness  (e.g.  see  Ashe  1984b).  Often  the  lacinia 
and  galea,  as  separate  elements,  provide  different  functions  for  the 
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capture  and  transport  of  the  same  food  (Barth  1985) .  For  example,  in 
pollenivorous  forms  the  galeal  lobe  specializes  in  capturing  pollen  and 
the  lacinia  is  involved  in  the  transportation  of  pollen  forward  to  the 
mouth  (Schicha  1967) .  In  other  forms  the  lacinia  and  galea  are  fused, 
forming  a  penicillate  mala  with  uniform  setation.  In  general,  penicil- 
late  laciniae  have  been  associated  with  pollenivory  in  anthophilous 
forms  and  sporivory  in  mycophilous  forms  (e.g.  the  "pollen  broom"  of 
Barth  [1985]  and  the  "spore  brush"  of  Ashe  [1984b] ,  respectively) . 

A  pectinate  lacinia  or  mala  is  found,  for  different  reasons,  in 
aquatic  immature  forms  and  in  terrestrial  adult  forms.  Among  aquatic 
forms ,  a  pectinate  lacinia  is  found  in  paleopteran  naiads ,  where  they 
are  fused  with  the  galeae  to  form  rake -like  malar  structures  for 
collecting  particulate  debris  in  ephemeropterans  (Froelich  1964) ,  or 
spinose  processes  for  trapping  food  fragments  exiting  the  cibarium  in 
carnivorous  odonatans  (Pritchard  1976;  see  Section  5.10.7).  For  aquatic 
nematocerous  dipterans ,  pectinate  malae  are  elements  constituting  the 
cephalic  filtration  fan  in  various  lacustrine  and  riverine  species 
(Embden  1932;  Gouin  1957,  1959;  Kennedy  1958).  In  terrestrial  forms, 
especially  larval  coleopterans ,  spinose  and  setate  malae  are  used  for 
securing  and  transporting  particulate  food,  mainly  spores  and  pollen 
among  Erotylidae,  Endomychidae ,  Mycetophagidae ,  Colydidae,  and  other 
principally  cucujoid  families  (Crowson  1981) .  Spinose  and  setate  malae 
are  also  used  for  handling  macerated  food  (often  insect)  fragments  in 
the  Staphylinidae ,  Cleroidea,  Tenebrionidae ,  Chrysomelidae  and  Curcu- 
lionoidea  (see  Bitsch  1966,  Crowson  1981). 
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The  most  notable  lacinial  modification  is  the  presence  of  various 
tissue-piercing,  styliform  structures  in  several  insect  groups.  Among 
haustellum-bearing  forms,  lacinial  stylets  are  almost  always  associated 
with  galeal  absence  (Matsuda  1965);  among  nonhaustellate  groups, 
lacinial  stylets  are  often  shorter  and  have  associated  galeal  stylets 
(Francois  1969,  Dajoz  1976,  Vit  1977).  Lacinial  stylets  have  indepen¬ 
dently  arose  at  least  14  times,  namely  in  the  Protura,  Collembola 
(Neauridae) ,  Orthoptera  (Cooloolidae) ,  Mallophaga  (Haematomyzidae) , 
Homoptera/Heteroptera,  Thysanoptera,  Coleoptera  (Sphaeriidae ,  Rhyso- 
didae,  Leioidae,  Eucinetidae,  Cerylonidae,  Corylophidae) ,  Siphonaptera 
(see  Matsuda  1965)  and  Diptera.  Notably,  stylate  laciniae  and  associa¬ 
ted  mouthpart  structures  have  originated  minimally  four  times  within  the 
Coleoptera  (Crowson  1981,  Pakaluk  1987).  In  some  groups,  lacinial 
stylets  work  in  coordina  tion  with  paired  mandibular  stylets,  as  is  the 
case  for  the  Protura,  Homoptera/Heteroptera,  coleopteran  Cerylonidae  and 
Diptera.  In  one  group,  thysanopterans ,  lacinial  stylets  work  in 
conjunction  with  a  single,  unpaired  mandible.  In  other  groups,  lacinial 
stylets  are  not  associated  with  mandibles ,  as  exeplif ied  by  the  collem- 
bolan  Neanuridae,  orthopteran  Cooloolidae,  coleopteran  Sphaeriidae, 
Rhysodidae  and  Eucinetidae,  and  Siphonaptera- -often  in  combination  with 
an  epipharyngeal  or  hypopharyngeal  stylet.  Lacinial  stylets  are 
generally  long  and  slender  in  haustellate  deep  tissue-feeding  groups, 
such  as  sanguinivorous  heteropterans  and  dipterans  (Barth  1953,  Downes 
1971);  they  are  frequently  relatively  short  among  nonhaustellate, 
shallow  tissue -feeding  groups,  including  thysanopterans  (Doeksen  1941) 
and  various  coleopteran  species  that  pierce-and-suck  fungal  filaments 
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(Crowson  1981).  Like  mandibular  stylets,  lacinial  stylets  can  be 
edentate  or  bear  distal  barbs,  ridges,  or  serrations  to  facilitate 
cutting  or  slicing  through  tissue  (Cobben  1978) . 

A  morphologically  related  but  functionally  unique  structure, 
consisting  of  a  long,  sclerotized  rod  with  a  blunt,  scalloped  terminus, 
is  the  "maxillary  pick"  of  psocopterans  and  some  mallophagans  (Cope 
1940) .  Although  the  function  of  the  pick  is  incompletely  understood, 
the  maxillary  pick  in  psocopterans  may  be  used  used  as  a  support  prop 
during  feeding  (Pearman  1928)  or  as  a  pick  or  chisel  (Burgess  1878, 

Denis  and  Bitsch  1973) ,  possibly  to  extract  food.  It  appears  that  the 
pick  can  be  protracted  and  retracted  in  a  manner  similar  to  a  stylet 
(Matsuda  1965).  A  second,  major  type  of  lacinial  structure  used  for 
piercing-and-sucking  occurs  in  obligately  insectivorous,  larval  Plani- 
pennia.  The  lacinia  or  (according  to  some)  a  stipital  extension  (Korn 
1943)  is  used  as  a  falcate,  acuminate  stylet  that  bears  two  longitudinal 
grooves  on  its  ventral  surface. 

These  two  grooves  exactly  match  two  dorsal  grooves  on  the  similar¬ 
ly  falcate  dorsal  mandibular  stylet  (Matsuda  1965) .  When  both  stylets 
are  placed  in  direct  apposition  for  concerted  adduction,  one  of  the 
resultant  canals  is  used  for  outgoing  venom  for  immobilizing  and 
liquefying  prey,  while  the  other,  wider  canal  serves  for  transport  of 
incoming  fluid  food  (Wundt  1961) .  Piercing  in  most  planipennian  larvae 
is  achieved  by  coordinated  clamping  of  the  mandible/lacinial  stylet 
apparatus  on  j»rey  items  (Lozinski  1908,  Rousset  1956,  Griffiths  1980). 

In  some  sponge - consuming  aquatic  forms,  the  mandible/lacinial  apparatus 
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is  linear  rather  than  falcate  and  is  probably  characterized  by  protrac¬ 
tion  and  retraction  (Withycombe  1924) . 

Lacinial  absence  mirrors  galeal  absence  in  that  there  are  two 
basic  ways  that  it  is  deployed.  One  way  is  complete  or  near -complete 
suppression  in  specialized  or  nonfeeding  groups  such  as  anoplurans ,  male 
coccoid  homopterans  and  virtually  all  strepsipterans .  The  other  way  is 
occasional  supression  of  the  maxilla,  especially  the  mala  and  palpi,  in 
various  isolated  forms  among  holometabolous  larvae. 

5.10.9.  Participation  of  the 
Maxilla  in  a  Multielement  Mouth- 
part  Structure  (Character  40) 

Three  major  trends  of  multielement  co-optation  characterize  the 
maxilla.  These  are  (i)  formation  of  stylets  in  various  piercing-and- 
sucking  groups,  (ii)  varied  structures  for  the  siphoning,  sponging  and 
lapping  of  surface  fluids  and  (iii)  contribution  as  a  sclerite  to  a 
rostral  wall  in  some  biting- and- chewing  forms.  When  all  three  trends 
are  assessed,  it  is  evident  that  the  maxilla,  or  particular  maxillary 
elements,  have  been  overwhelmingly  co-opted  into  liquid- feeding  struc¬ 
tures  rather  than  into  new  rearrangements  of  a  basically  solid- feeding 
apparatus . 

The  formation  of  multielement  complexes  involving  stylets  has 
occurred  haustellate  and  nonhaustellate  groups.  In  most  major  haustel- 
lum  bearing  groups- -hemipteroids  and  dipterans  in  particular- -the 
maxilla  has  provided  a  pair  of  lacinial  stylets  that  are  often  in 
apposition  with  a  mandibular  stylet  pair,  the  ensemble  of  which  is 
ensheathed  by  a  labium  (Smith  1985).  Among  haustellum- lacking  forms. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


138 


lacinial  and  less  commonly  galeal,  stylets  are  often  co-ordinated  with  a 
mandibular  stylet  pair,  with  no  or  minimal  labial  participation  (Dajoz 
1976) .  Larval  planipennians  are  similarly  nonhaustellate  but  achieve 
piercing  by  overlaying  a  maxillary  extension- -probably  the  lacinia--on  a 
falcate  mandible  to  produce  a  resulting  tubular  structure  for  sucking 
fluids  in  the  adducted  state  (Wundt  1961) . 

Varied  styles  of  surface  fluid- feeding  exist  in  insects,  virtually 
all  which  involve  major  modifications  of  the  maxilla  and  labium,  either 
separately  or  conjointly.  The  maxillary  siphon  of  lepidopterans , 
coleopterans  and  a  few  other  groups  is  principally  an  intramaxillary 
multielement  complex,  although  it  bears  few  structural  contributions 
from  adjacent  mouthpart  regions.  In  lepidopterans,  the  maxillary  siphon 
is  associated  with  mandibular  and  glossal/paraglossal  absence  or 
reduction  as  a  structural  concomitant  (Mosher  1915) .  Insects  producing 
distally  flared,  fleshy  structures  that  are  ventrally  deployed  in  active 
or  passive  sponging  of  surface  fluids  include  the  hypopharynx  of  gryllid 
orthopterans  (Rietschel  1953) ,  the  haustorium  of  adult  trichopterans 
(Cummings  1914)  and  the  labellum  of  adult  cyclorrhaphan  dipterans 
(Peterson  1916) .  These  three  structures  include  some  interacting 
maxillary  elements,  although  the  haustorium  is  dominately  hypopharyngeal 
and  the  labellum  is  mostly  labial  in  origin.  The  maxillolabial  complex 
in  nonapoid  aculeate  hymenopterans  functions  as  a  single  unit  for  solid- 
food  feeding.  However,  in  apoid  forms  it  is  characterized  by  glossal 
elongation  for  lapping  and  transformation  of  the  galeal  and  palpal 
structures  for  squeezing  fluids  trapped  in  the  densely  hirsute  glossae 
(Snodgrass  1942) . 
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Among  more  recognizably  "mandibulate"  forms,  the  maxillary  main- 
body  is  part  of  the  adult  snout  wall  in  curculionid  coleopterans , 
mecopterans  and  nemopterid  planipennians .  Among  coleopterans,  mandi¬ 
bles  ,  palps  and  other  lobes  are  apically  located  (DOnges  1954) ,  serving 
as  part  of  a  "drilling"  armature  for  boring  into  hardened  foods.  Among 
mecopterans,  movable  mouthpart  elements  are  prolonged  and  more  basally 
attached.  In  passing,  it  should  be  noted  that  a  vast  assemblage  of 
paleopteran  adults,  orthopteroids ,  most  adult  neuropterids  and  some 
hymenopterans - -at  least  half  of  the  species  examined- -lack  any  multi¬ 
element  co-optation. 

5.11.  Character-Group  IX:  Labial  Region 
The  labium  bears  elements  analogous  and  homologous  to  the  maxilla 
(Snodgrass  1935),  including  a  pair  of  lateral  palpi  and  two  pairs  of 
medial  lobes:  the  outer  paraglossae  and  the  inner  glossae.  However, 
unlike  the  maxilla,  the  labium  is  a  mesially  unpaired  structure,  even 
though  it  bears  lateral  paired  appendages.  In  contrast  with  the  man¬ 
dibles  and  maxillae,  the  presence  of  a  central  area  of  unpaired  scler- 
ites--the  submentum/mentum/prementum  series --has  allowed  for  structural 
fusion  to  other  unpaired  mouthpart  regions,  especially  the  labrum  and 
hypopharynx.  In  addition,  fusion  of  labial  appendages  themselves, 
particularly  the  palpi,  have  broadened  the  range  of  labial  participation 
in  multielement  structures.  These  two  reasons- -(i)  the  presence  of  a 
series  of  ectal,  mesial  sclerites  that  are  intimately  co-opted  by  other 
regions  to  produce  composite  structures  and  (ii)  the  existence  of  paired 
labial  appendages  that  form  structures  to  house  mouthpart  elements  from 
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other  regions- -are  the  principal  reasons  for  the  success  of  the  labium 
in  multielement  mouthpart  co-optation.  Five  major  structural  trends 
characterize  the  spectrum  of  labium  development  in  insects.  First  is 
the  primitively  specialized  condition  of  the  formation  of  a  gnathal 
pouch,  contributing  to  entognathy  in  apterygotes  (Manton  1977)  ;  and 
second,  for  ectognathous  insects,  a  generalized  complete  labium  with  a 
postmen turn  (submentum  +  mentum)  and  three  pairs  of  appendages:  palpi, 
paraglossae  and  glossae  (Walker  1931a) .  This  latter  generalized 
condition  occurs  in  the  more  derived  apterygotes- -archaeognathans  and 
thysanurans,  as  well  as  in  adult  paleopterans ,  orthopteroids ,  psoco- 
pterans,  mallophagans ,  most  coleopterans  and  many  hymenopterans  ( Cramp - 
ton  1928,  Walker  1931b;  see  also  Williams  [1938]  for  examples  without 
textual  comment) .  Among  such  groups  the  labium  functions  as  a  "lower 
lip,"  complementing  the  labrum,  or  "upper  lip"  (Snodgrass  1935).  The 
second  trend  consists  of  the  frequent  occurrence  of  major  structural 
reduction  or  even  complete  absence  of  the  labium  in  holometabolous 
larvae  (Anderson  1936,  Das  1938,  Jayewickreme  1940,  Badcock  1961). 
Structural  reduction  includes  decreases  in  palpal  segment  number  and 
size,  fusion  or  dimunition  of  glossae,  supression  of  paraglossae  and 
decrease  in  differentiation  of  the  axial,  labial  sclerites.  The  third 
and  fourth  trends  involve  different  routes  toward  the  acquisition  of 
fluid  food:  namely  (i)  piercing  for  fluid  in  unexposed  shallow  or  deep 
tissue,  and  (ii)  various  feeding  mechanisms  for  extracting  exposed 
surface  fluids.  Piercing  is  accomplished  with  or  without  the  use  of  a 
haustellum.  Haustella  originated  by  two  major,  distinct  ways:  first  by 
prolongation  and  subsegmentation  of  axial  labial  sclerites  which  envelop 
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similarly  elongated  maxillary  and  mandibular  stylets  in  hemipteroids 
(Cobben  1978,  Hamilton  1981);  and  second  by  labial  palpal  fusion  around 
various  mandibular,  maxillary,  hypopharyngeal  and  labral/epipharyngeal 
stylets  in  dipterans  (Imms  1944,  Hoyt  1952)  and  siphonapterans  (Wenk 
1953,  Matsuda  1965).  These  haustella  and  other  structures  range  from 
segmented,  articulatory  structures  to  nonsegmented  sheaths  for  housing 
up  to  six  stylets,  to  nonenveloping  structures  that  provide  guides  for 
stylets  in  proturans  and  some  coleopterans  (Francois  1969,  Besuchet 
1972).  Third,  the  labium  and  adjacent  mouthpart  regions  are  co-opted 
into  an  assortment  of  feeding  organs  involved  in  the  uptake  of  surface 
fluids  in  adult  holometabolous  insects.  These  feeding  mechanisms  and 
multielement  mouthpart  structures  include  the  glossate  complex  that  is 
characterized  by  lapping-and- squeezing  in  predominately  nectarivorous 
apoid  hymenopterans  (the  labiomaxillary  complex  of  Winston  [1979]),  and 
various,  ventral,  fleshy  expansions  used  for  sponging  fluids  such  as  the 
labellum  of  many  cyclorrhaphan  dipterans  (Kraepelin  1883,  Dethier  1959) 
and  the  "haustorium"  of  trichopterans  (Crichton  1957) . 

Last,  there  is  a  varied  assemblage  representing  an  alteration  of 
basic  mandibulate  mouthparts  for  specialization  on  unconventional  diets 
or  for  unique  feeding  strategies .  Such  multielement  structures  depart¬ 
ing  from  typical  biting-and- chewing  forms  are  the  elongate  rostra,  with 
drill -like  terminal  mouthparts  of  dominately  durophagous  curculio  noid 
coleopterans  (Crowson  1981)  and  the  elongate,  hypognathous ,  suctorial 
rostrum  of  generally  necrovorous  mecopterans  (Otanes  1922) .  Two 
structures  that  permit  unique  feeding  strategies  are  the  raptorial  sling 
possessed  by  larval  odonatans  (Snodgrass  1954)  and  an  adult  coleopteran, 
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Stenus  (Weinreich  1968) ;  and  the  protrusible  labiohypopharyngeal 
spinneret  of  larval  trichopterans,  lepidopterans  and  symphytan  hymeno- 
pterans  (Crampton  1921b) ,  which  in  some  is  employed  as  a  net  for 
trapping  particulate  food  (Wallace  and  Malas  1976)  and  for  others  is 
used  for  constructing  dwellings  (Jayewickreme  1940) . 

From  this  wealth  of  structural  variation,  it  appears  that  the 
labial  palps  are  the  most  important  single  source  of  multielement  co¬ 
optation.  Predominately  through  fusion,  the  labial  palps  have  inde¬ 
pendently  given  rise  to  stylet -ensheathing  haustella  in  the  hemipter- 
oids,  dipterans,  siphonapterans  and  several  other  less  diverse  groups. 
The  postmentum,  prementum  and  their  subsidiary  sclerites  are  also 
important  labial  structures  in  interregion  fusion,  since  they  are  major 
contributors  to  the  "haustorium"  of  adult  trichopterans  and  the  spin¬ 
neret  of  some  larval  holometabolans .  The  glossae  are  instrumental  only 
in  the  lapping  "tongue"  of  apoid  hymenopterans ,  whereas  the  paraglossae 
are  almost  always  absent  in  holometabolous  insects  (Crampton  1925a, 
Matsuda  1965)  and  are  not  an  important  part  of  a  multielement  structural 
innovation  in  any  known  group . 

5.11.1.  General  Shape  of  the 
Labial  Main-Body  (Character  41) 

Labial  shape  is  an  approximate  indicator  of  the  basic  type  and 
general  position  of  mouthparts.  This  arises  because,  when  mouthparts 
are  placed  anteriorly  or  inferiorly  on  the  head  capsule,  the  gular  and 
labial  sclerites  must  accordingly  be  prolonged  or  shortened,  respec¬ 
tively,  for  accomodation  of  the  positional  change  (see  Section  4.3.4,  or 
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Anderson  [1936]  and  DuPorte  [1957]  for  an  analogous  argument  concerning 
gular  elongation) .  Groups  lacking  a  main-body  also  lack  a  labium,  do 
not  feed  through  the  use  of  mouthparts  and  are  almost  always  parasitic. 
(Notably,  many  free -living,  nonfeeding,  ephemeral  adults  have  rudimenta¬ 
ry  mouthparts . )  Alabiate  groups  include  adult  coccoid  homopterans , 
adult  neotenic  strepsipterans  and  chalcidoid  and  proctotrupoid  larval 
hymenopterans ,  all  of  which  are  endoparasitic  or  exoparasitic  and  feed 
either  by  cutaneous  assimilation  (Kinzelbach  1966)  or  by  ingestion  with 
structures  resembling  mouthhooks  (Thorpe  1941) .  Other  alabiate  forms 
occur  sporadically  among  larval  dipterans  of  diverse  diets  and  are  also 
characterized  by  pronounced  maxillary  reduction. 

A  transversely  elongate  labial  main-body  is  a  consequence  of  a 
beak,  proboscis  or  sometimes  a  rostrum  whose  base  is  broadly  attached  to 
the  anterior  or  inferior  aspect  of  the  cephalic  capsule.  Consequently, 
forms  bearing  such  a  transversely- expanded  labial  sclerite  are  those 
feeding  on  liquids.  By  contrast,  groups  with  an  equant  or  elongate 
main-body  are  both  solid-  and  liquid- feeders  and  apparently  indistin- 
guishably  intergrade  with  each  other.  However,  it  appears  that  elongate 
main-bodies  are,  as  a  group,  possessed  by  prognathous  forms,  particular¬ 
ly  apterygote,  paleopteran,  orthopteroid  and  some  larval  and  adult 
neuroptoid  forms  (Crampton  1923a,  Walker  1931a) ,  whereas  equant  main 
bodies  occur  in  some  neuropteroids  and  principally  in  liquid- feeding 
adult  and  larval  panorpoids.  Very  elongated  main  bodies  characterize 
either  hypognathous ,  proboscate  mouthparts ,  in  the  case  of  adult 
mecopterans  and  dipterans  (Crampton  1925a)  and  adult  cerambycid  coleo- 
pterans,  or  a  lateral  narrowing  of  the  labial  mental  area  in  some 
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orthopteroids  (Walker  1931a)  and  in  larval  symphytan  hymenopterans .  No 
specific  feeding  style  or  diet  apparently  is  associated  with  a  very 
elongate  main-body. 

5.11.2.  Labial  Main-Body 
Segmentation  (Character  42) 

Segmentation  of  the  labial  main-body  is  characterized  by  three 
general  patterns:  (i)  a  primitive  condition  of  two  segments,  (ii) 
segment  increase  to  three  segments  and  (iii)  a  segment  decrease  to  one 
segment,  culminating  in  labial  absence.  The  generalized  labial  condi¬ 
tion  consists  of  two  sclerites--a  proximal  postlabium  and  a  distal 
prelabium  (Snodgrass  1935) --and  is  found  in  apterygotes,  paleopterans , 
nonbeaked  hemipteroids ,  some  neuropteroids ,  and  many  larvae  and  adults 
of  panorpoids.  A  two -segmented  labium  appears  to  be  primitive  (Walker 
1931a) .  The  presence  of  two  segments  allows  for  some  labial  flexibility 
in  biting- and- chewing  forms,  but  in  most  holometabolous  adults,  labial 
mobility  has  become  reduced  and  supplanted  by  various  flexible,  project¬ 
ing  proboscides .  Thus  the  labial  main-body  becomes  two  relatively  fixed 
sclerites  associated  with  formation  of  a  hypostomal  bridge,  postgenae  or 
a  gula  (Matsuda  1965)  which  often  anchors  a  proboscis. 

Subdivision  of  the  postlabium  into  a  mentum  and  submentum,  and 
thus  increasing  segment  number  to  three  (Crampton  1923b,  1925a;  Matsuda 
1965),  occurs  in  orthopteroids,  adult  neuropteroids  and  some  holometa¬ 
bolous  larvae.  A  tripartite  main-body  presumably  imparts  greater 
mobility  to  the  "lower  lip,"  resulting  in  enhanced  food-processing 
efficiency  in  solid- feeding  groups.  An  opposite  trend- -reduction  of  the 
labium  to  a  single,  unspecified  sclerite  (Crampton  1923a,  1925a) --has 
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occurred  in  ephemeropteran  naiads  and  in  all  holometabolous  groups 
(Crampton  1925a,  Matsuda  1965).  This  pattern  is  consistent  with 
systemic  mouthpart  reduction  in  adult,  holometabolous  larvae  that 
consume  solid  food.  For  different  reasons,  similar  labial  reduction 
occurs  in  nonfeeding  streps ipterans  and  lepidopterans  (Bohart  1946b, 
Scott  1986).  A  special  condition  exists  for  fluid- feeding,  beaked 
homopterans  and  heteropterans ,  where  the  labium  con  sists  only  of  one 
segment,  the  prelabium,  which  is  the  basal  segment  of  the  beak  (Matsuda 
1965).  The  other  beak  segments  may  be  palpal  in  origin  (L&on  1892, 

1897)  or  more  likely,  apical  endite  lobes  (Pesson  1944). 

5.11.3.  Labial  Appendages 
(Character  43) 

The  typical,  unmodified  labium  bears  three  pairs  of  appendages: 
glossae,  paraglossae  and  palpi.  Of  these,  one,  two,  or  all  three  pairs 
may  be  absent,  in  various  combinations.  Frequently  an  absence  is  simply 
an  indication  of  reduction,  or  it  may  be  associated  with  a  particular 
labially- involved  multielement  structure  with  components  from  other 
mouthpart  regions.  In  general,  the  presence  and  combination  of  labial 
appendages  is  an  indirect  indicator  of  feeding  mechanism,  insofar  that 
it  represents  major  deviations  from  a  basic  labial  groundplan.  These 
deviations ,  such  as  palpal  loss  or  formation  of  a  silk-producing 
"ligular"  projection,  are  expressions  of  particular  co-optations, 
reductions ,  or  even  incidental  patterns  associated  with  particular 
feeding  strategies. 
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Three  major  patterns  characterize  the  presence  or  absence  of 
labial  appendages  (see  also  Matsuda  [1965]).  First  is  the  generalized 
state,  replete  with  three  pairs  of  appendages,  that  occurs  in  derived 
apterygotes  (archaeognathans  and  thysanurans) ,  orthopteroids ,  adult 
coleopterans  and  adult  hymenopterans .  This  pattern  is  associated  with 
various  diets  exhibiting  solid  food  ingestion.  The  second  pattern  is 
labial  absence,  occurring  in  neotenic  forms  lacking  mouthparts  and  in 
parasitic  dipteran  and  hymenopteran  larvae  lacking  major  mouthpart 
regions- -usually  the  labium  and  maxilla- -and  generally  assimilating  food 
cutaneously  or  by  mouthhooks.  The  third  pattern  is  labial  reduction, 
which  has  assumed  four  major  themes.  These  are  (i)  the  glossae  only  are 
present,  often  in  the  form  of  a  ligula  (paraglossae  and  palpi  are 
absent) ;  (ii)  the  paraglossae  and  palpi  are  present  (glossae  are 
absent),  (iii)  the  glossae  and  palpi  are  present,  the  latter  often  in 
the  form  of  a  labellate  structure  (paraglossae  are  absent) ;  and  (iv)  the 
labial  palpi,  or  its  mofification,  the  labellum,  is  present  (glossae  and 
paraglossae  are  absent) .  These  four  themes  will  be  described  in  the 
following  paragraphs . 

The  presence  of  only  glossae  or  a  ligular  process  occurs  in  two 
groups  of  insects .  It  occurs  as  distal  segments  in  the  hemipteroid  beak 
(Heymons  1899,  Matsuda  1965;  but  see  Newcomer  [1948]  for  a  embryological 
approach) ,  the  wall  of  the  mouthcone  in  thysanopterans  (Matsuda  1965) 
and  sporadically  in  biting-and-chewing  holometabolous  larvae  (Anderson 
1936,  Das  1938).  In  some  coleopterous  larvae  the  labium  consists  of  a 
ligula  only  and  it  is  associated  with  wood-boring  and  carnivorous  forms 
with  strong  mandibles  (Boving  1927b ,  Boving  and  Craighead  1931) ;  among 
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dipteran  larvae  the  labium  is  associated  with  filter -feeding  in  aquatic 
nematocerous  larvae  (Leathers  1922)  and  is  often  termed  a  "hypostomium" 
(Lawson  1951) .  A  ligula-only  labium  also  occurs  in  some  brachycerous 
and  cyclorrhaphous  larvae,  where  it  is  associated  largely  with  carnivo¬ 
rous  habits  (see  Teskey  [1976]  for  examples). 

Labia  with  only  paraglossal  and  palpal  appendages  occur  predomi¬ 
nantly  among  orthopterans ,  mallophagans ,  thysanopterans  and  megalo- 
pterans .  This  pattern  is  not  found  in  holometabolous  larvae  and  it 
appears  to  have  no  diet-related  associations.  The  presence  of  a  labium 
with  glossae  and  palpi  is  associated  with  adult  biting- and- chewing 
planipennians  and  coleopterans  (Bugnion  1920,  Principi  1954).  In  adult 
siphonapterans  and  dipterans  this  pattern  is  modified  by  conjoined 
labial  palpi,  which  constitute  the  haustellum  in  piercing- and- sucking 
and  piercing -and- cutting  species  (Rothschild  1906,  Hoyt  1952).  In  some 
dominately  surface -feeding  cyclorrhaphous  and  especially  brachycerous 
forms,  the  labellum  forms  a  major  sponging  or  rasping  feeding  organ 
(Peterson  1916).  In  other  adult  dipterans,  particularly  cyclorrhaphans , 
glossae  are  absent  and  the  fleshy  labellum  is  the  only  major  labial 
structure  (see  Elzinga  and  Broce  [1986]  for  structural  modifications). 
This  pattern  also  occurs  in  adult  trichopterans ,  where  only  palpi  are 
present. 

However,  in  trichopterans  the  palpi  do  not  form  a  labellum; 
instead  the  prementum  is  adjoined  to  a  fleshy  hypopharynx,  the  hausto- 
rium,  to  form  an  analogous  sponging  organ  for  feeding  (Klemm  1966).  In 
fact,  premental -hypopharyngeal  fusion  occurs  to  some  extent  in  all 
holometabolous  orders  (Matsuda  1965).  In  lepidopterans ,  glossae  and 
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paraglossae  are  similarly  absent,  leaving  squamate  labial  palpi  avail¬ 
able  for  odor  detection  and  probably  proboscis  grooming  (Philpott  1925, 
Scott  1986) .  Dominantly  wood-boring  or  carnivorous  larval  species  of 
planipennians ,  coleopterans ,  and  mecopterans  also  possess  only  palpi  as 
labial  appendages  (Tauber  and  Tauber  1968,  BOving  1927a,  Setty  1941, 
respectively).  Adult,  mostly  necrovorous  mecopterans  also  bear  a  labium 
with  only  palpi  as  appendages  (Hepburn  1969). 

5.11.4.  Labial  Palpus 
Segmentation  (Character  44) 

Four  fundamental  trends  characterize  labial  palpus  segmentation  in 
insects.  The  first  trend  is  the  generalized  condition  of  apterygotes 
and  pterygotes,  which  is  a  three -segmented  labial  palpus  according  to 
Matsuda  (1965) ,  though  KukalovA-Peck  (1987)  has  presented  paleontolo¬ 
gical  evidence  for  a  primitively  eight- segmented  structure.  However, 
there  has  been  a  second  and  strong  tendency  toward  reduction  in  palpus 
segment  number  to  one  or  two  in  larval  and  adult  holometabolous  groups . 
Thirdly,  in  many  obligately  fluid- feeding,  piercing- and- sucking  groups 
the  palpus  is  lacking.  This  pattern  is  repeated  in  several  groups  with 

nonfeeding,  ephemeral  adults  and  in  certain  feeding,  usually  parasitic, 

» 

holometabolous  larvae.  Lastly,  in  virtually  all  orders,  supernumerary 
segments  characterize  some  groups  (Matsuda  1965) --a  feature  that  is 
frequently  interpreted  as  secondary  acquisition  by  palpal  segment 
division  (Crampton  1928a,  Das  1938).  Although  Das  (1938:  38)  has 
claimed  that  "it  is  doubtful  if  the  number  of  palpal  segments  is  of 
fundamental  importance"  for  larval  insects,  there  nevertheless  appear  to 
be  some  broad  associations  between  palpal  presence/absence  or  segment 
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number  and  other  mouthpart  elements  for  some  larval  and  many  adult 
groups .  It  is  noteworthy  that  in  the  few  instances  where  palpal 
segmentation  varies  intraspecifically ,  such  as  castes  in  ants  (Kusnezov 
1954a,  1954b),  there  is  correlation  between  mandible  size  and  labial 
palp  number,  but  no  correlation  between  social  caste  and  labial  palp 
size  or  segmentation  (Kusnezov  1954b:  257). 

The  generalized,  trisegmented  state  is  widespread  among  most 
insect  groups.  It  is  predominant  in  orthopteroids  present  in  most 
neuropteroids  and  many  panorpoids  and  occasionally  occurs  in  holometa- 
bolous  larvae.  The  three -segmented  palpus  occurs  in  groups  that  also 
bear  a  five -segmented  maxillary  palpus  (four  in  coleopterans)  and  is 
used  for  solid  food  manipulation  in  concert  with  solid- food  ingestion. 
However,  the  recurrent  trend  of  labial -segment  reduction  occurs  princi¬ 
pally  in  paleopterans ,  some  hemipteroid  groups,  some  holometabolous 
larvae  and  in  several  groups  of  fluid- feeding  adults.  Paleopteran 
adults  and  naiads  usually  bear  a  one-  or  two -segmented  palpus  special¬ 
ized  variously  for  collecting  particulate  material  or  for  subduing  live 
prey  (Brown  1961,  Hakim  1964).  In  odonatan  naiads,  a  single- segmented 
palpus  becomes  a  raptorial,  jointed  claw  attached  to  a  labial  mask  that 
can  be  rapidly  extruded  for  striking  and  retrieving  live  prey  items 
(Butler  1904,  Whedon  1927,  Tanaka  and  Hisada  1980).  Palpate  hemipteroid 
groups,  especially  solid- feeding  mallophagans  and  psocopterans ,  usually 
have  a  one-  or  two-segmented  palpus  (see  Snodgrass  [1905]  and  Mukerjii 
and  Sen  Sarma  [1955]  for  examples).  For  holometabolous  larvae,  segment- 
number  reduction  occurs  as  a  general  feature  of  mouthpart  supression  or 
simplification- -i.e.  the  tendency  toward  size  and  segment  decrease  of 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


150 


nominally  long,  typically  gracile  appendages  of  the  adult  to  short, 
stubby  nubbins  minimally  used  for  food  manipulation.  This  is  even  true 
for  trichopteran,  lepidopteran  and  symphytan  hymenopteran  forms  possess¬ 
ing  a  prominent  labiohypopharyngeal  spinneret,  wherein  the  adjacent 
labial  palpus  becomes  diminutive,  aciculate  and  unsegmented  (Das  1938, 
Jayerickreme  1940) . 

Complete  palpal  absence  occurs  in  several  major  fluid- feeding 
groups ,  particularly  homopterans ,  heteropterans  and  anoplurans ,  and  in 
stylus -bearing  neanurid  collembolans  (this,  of  course  assumes  that  the 
hemipteroid  beak  is  not  palpal  in  origin,  as  Crampton  [1921c]  suggests). 
In  these  groups  the  absence  of  palps  is  a  result  of  the  possession  of  a 
tissue-penetrating  and  fluid- imbibing  structure  that  obviates  the  need 
for  palps  in  the  manipulation  and  sensing  of  solid  food.  In  dipterans 
and  siphonapterans ,  the  relationship  is  more  direct,  with  the  labial 
palpus  actually  forming  the  haustellum.  By  contrast,  piercing-and- 
sucking  forms,  such  as  several  coleopteran  groups,  lack  a  haustellum; 
such  forms  bear  labial  palps  of  similar  size  and  segmentation  as  those 
of  biting- and- chewing  forms  (see  Sen  Gupta  and  Crowson  [1973]  and  Vit 
[1977]  for  examples). 

Supernumerary  segments  occur  less  frequently  than  segment  reduc¬ 
tion,  although  they  are  often  encountered  in  thysanopterans ,  siphona¬ 
pterans  and  hymenopterans  (Matsuda  1965).  In  thysanopterans,  segment 
number  varies  from  one  to  five  (Matsuda  1965)  whereas  in  siphonapterans 
segment  number  varies  from  one  to  25  (Holland  in  Matsuda  1965) .  Adult 
hymenopterans,  by  contrast,  have  a  four- segmented  palpus,  when  supernu¬ 
merary  segments  occur  (Crampton  1928a,  Winston  1979),  which,  in  apoid 
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forms,  is  used  for  forming  the  tubular  funnel  through  which  the  glossa 
squeezes  (Snodgrass  1956) .  Many  larval  planipennians  possess  supernu¬ 
merary  segments  that  have  been  attributed  to  "secondary  division  of  the 
primary  three -segmented  palpus"  (Das  1938:  58). 

5.11.5.  Labial  Palpus  Type 
(Character  45) 

Labial  palpi,  like  maxillary  palpi,  are  major  mouthpart  appendages 
involved  almost  always  in  the  sensing,  probing,  and  manipulation  of  food 
in  the  external  environment  (Gangwere  1960,  1965;  Chauvin  and  Faucheux 
1981;  Chapman  1982;  see  Staedler  1977  for  a  review).  The  generaliza¬ 
tions  established  for  maxillary  palpi  (see  Section  4.10.5)  can  be 
transferred  directly  to  the  labial  palpi  of  many  groups  and  particularly 
for  those  bearing  filiform,  clavate,  and  serrate  types  (Fig.  24).  In 
other  groups  labial  palpi  have  become  modified  significantly,  such  as 
the  claws  on  the  labial  mask  of  odonatan  naiads  (Munscheid  1933) ,  or  as 
a  major  component  in  a  multielement  food  acquisition  organ  for  the 
piercing,  sponging,  rasping,  or  squeezing  of  tissue -embedded  or  surface 
fluid  into  the  cibarium  of  holometabolous  adults  (Graham-Smith  1911, 

1930;  Harder  1982;  Smith  1985).  Because  of  these  and  other  major 
patterns  of  palpal  modification,  five  major  trends  characterize  labial 
palpal  development  of  insects  from  the  generalized  palpus  condition: 

(i)  palpi  modified  for  aquatic  filter-feeding  in  ephemeropteran  naiads, 

(ii)  clawlike  palpi  of  the  labial  mask  of  odonatan  naiads  and  the 
"trophic  basket"  of  odonatan  adults,  (iii)  the  reduced  palpi  of  holo¬ 
metabolous  larvae,  (iv)  a  varied  assemblage  of  specialized  palpal  types 
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B.  MUCRONATE. 

EPH:  Ephemerella  sp. 
Naiad,  [Murphy  1922], 


F.  PENICILLATE. 

COL:  Scarabaeus  sacer 
Linneaus.  Adult,  [Berlin 
1923). 


J.  PAPILLATE. 

HYM:  Bracon  tachardiae 
Cameron.  Larva,  [Glover 
1934]. 


N.  SERRATE. 

TRI:  Polycentropussp. 
Adult,  [Deoras  1943]. 


C.  CLAVATE. 

TYN:  Thermobia  domestics 
(Packard).  Adult,  [Walker, 
1931]. 


G.  CHELATE,  SINGLE 
HOOK. 

ODO:  Aeshna  cyanea 
Muller.  Naiad,  [Mun- 
scheid  1933]. 


K.  LABELLATE. 

DIP:  Tabanus  sp.  Adult, 
[Peterson  1916], 


O.  SQUAMATE. 

LEP:  Oecophora  bractella 
(Linneaus).  AdulL  [Clarke 
1941]. 


D.  FILIFORM. 

PHA:  Necrosia  sparaxes 
Westwood.  AdulL  [Gan- 
grade  1965]. 


H.  PROLONGED- 
DIMUNITIVE. 

HYM:  Apis  mellitera 
Linneaus.  Adult, 
[Snodgrass  1942]. 


L.  ACICULATE. 

LEP:  Ectoedemia  hein- 
rickl  Busck.  Larva, 
[DeGryse  1915]. 


P.  ENLARGED  MIDDLE 
SEGMENT. 

MEC:  Panorpa  communis 
Linneaus.  AdulL  [Hedder- 
gott  1938]. 


FIGURE  24. 
drawn  to 


Character -states 
scale . 


of  Character  45 : 


labial 


E.  PECTINATE. 

EPH:  Lepeorusgoyi 
Peters.  Naiad,  [Schon- 
mann  1981]. 


I.  TUBULATE. 

DIP:  Strebla  vespertttionis 
Fabricius.  Adult,  [Jobling 
1929], 


M.  CHELATE,  TWO 
HOOKS. 

ODO:  Aeshna  cyanea 
Muller.  Adult,  [Munscheid 
1933]. 


Q.  APPRESSED. 

DIP:  Exoprosopa,  sp. 
AdulL  [Peterson  1916]. 


palpus  type .  Not 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


153 


in  fluid- feeding  holometabolous  adults  and  (v)  palpal  absence  in  various 
piercing-and-sucking,  nonfeeding  and  parasitic  groups. 

The  generalized  condition  for  labial  palpi  is  associated  with 
various  orthopteroid,  adult  neuropteroid,  many  adult  panorpoid  and 
hymenopteran  insects.  The  pterygote  generalized  condition  comprises  the 
filiform  palpus  type  and  its  immediate  derivatives ,  the  clavate  and 
serrate  types .  These  three  palpal  types  represent  changes  in  segment 
shape  rather  than  an  overhauling  of  entire  palpus  shape  or  vestiture  to 
perform  a  new  function.  Blackwelder  (1936)  has  described  representative 
labial  palpi  from  a  diverse  family  of  coleopterans ,  the  Staphylinidae , 
illustrating  a  few  structural  deviations  from  the  typical  generalized 
condition.  The  sensory  functions  of  generalized  palpi  have  been 
documented  primarily  for  orthopterans ,  especially  grasshoppers  (Thomas 
1966,  Chapman  and  Thomas  1978)  and  crickets  (Klein  and  Mflller  1978). 
Although  these  sensory  functions  occur  in  the  structurally  divergent 
palpal  types  borne  especially  by  adult  holometabolous  groups  (Jayewick- 
reme  1940,  Wilczek  1967),  such  palpi  have  become  elements  in  other, 
major  mouthpart  apparati  for  food  acquisition,  including  combing, 
grasping,  sponging  and  siphoning. 

Many  aquatic  microvorous  and  detritivorous  larvae,  especially 
ephemeropteran  naiads,  bear  flattened  setose  to  spinose  palpi  special¬ 
ized  for  filter -feeding  or  brush- sweeping  (for  synoptic  studies  see 
Usinger  1956,  McCafferty  and  Provoshna  1981  and  Merritt  and  Cummins 
1984) .  Several  recent  studies  have  documented  the  role  of  palpal  and 
other  mouthpart  setae  as  filtering  fans ,  collecting  seives ,  or  grazing 
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brushes  in  the  interception  and  collection  of  suspended  and  epibenthic 
detritus  (Braimah  1987a,  1987b) . 

By  contrast,  odonatan  naiads  possess  a  single-segmented,  flat¬ 
tened,  falcate  palpus  articulating  on  the  distal  ligular  margin,  serving 
as  a  retractile  claw  for  grasping  live  prey  at  the  end  of  a  rapidly 
protrusible  labial  mask  (Snodgrass  1954) .  In  adult  odonatans  a  similar 
palpal  type  occurs,  characterized  by  a  movable  hook  or  modified  palpus 
that  articulates  against  an  immovable  process  (Hakim  1964) .  This 
grasping  structure  functionally  mirrors  the  chelicerae  found  in  mites 
(Metcalf  et  al.  1962)  and  is  used  to  secure  prey  items.  Analogous 
structures  occur  as  prosthecate  mandibles  of  a  few  beetle  genera  (Boving 
and  Craighead  1931:  253;  Dajoz  1976). 

Continuing  the  widespread  pattern  of  mouthpart  reduction  in  larval 
holometabolous  insects  is  palpal  type,  which  assumes  three  major 
diminutive  structures:  (i)  a  papillate  or  stubby  form,  (ii)  an  acicu- 
late  form  resembling  a  seta  or  spine  and  (iii)  a  mucronate  form  consist¬ 
ing  of  two  or  three  narrow  segments  that  taper  distally.  Papillate 
palpi  are  found  in  some  apterygotes  (Bitsch  1952) ,  some  hemipteroids 
(Smithers  1972) ,  but  predominantly  in  coleopteran  and  panorpoid  larvae 
(for  examples,  see  Anderson  1936  and  Peterson  1948,  1951).  Mucronate 
palpi  are  encountered  in  coleopteran  and  some  panorpoid  larvae  (Gage 
1970) ,  whereas  aciculate  palpi  are  confined  to  adult  dipterans  and 
larval  lepidopterans .  A  common  feature  among  all  three  palpal  types  is 
their  strong  association  with  the  labiohypopharyngeal  spinneret  in 
trichopterans ,  lepidopterans  and  symphytan  hymenopterans  (Jayewickreme 
1940,  Lorenz  and  Kraus  1957,  Badcock  1961).  For  coleopteran,  mecopteran 
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and  siphonapteran  larvae,  papillate  and  aciculate  palpi  are  associated 
with  solid- food  ingestion  and  generally  carnivorous  or  necrovorous 
diets . 

Adult  holometabolous  groups  exhibit  a  diverse  assemblage  of  palpus 
types  that  fall  into  four  major  patterns:  (i)  various  modifications  in 
shape  and  denticulation  of  a  haustellate  palpus  in  dipterans  and 
siphonapterans ,  (ii)  lepidopteran  palpi  densely  covered  with  hairy  or 
scaly  vestiture  (Lee  1987),  (iii)  an  excavate,  elongate  palpus  of  apoid 
hymenopterans  and  (iv)  palpi  with  an  enlarged  middle  segment  housing 
special  sensory  organs.  Nematoceran  dipteran  palpi  are  two -segmented, 
stylet-encompassing  structures  employed  for  directing  long  stylets  into 
tissues  of  various  kinds  (Gordon  and  Lumsden  1939) .  The  haustellate 
palpus  has  been  structurally  modified  into  a  fleshy,  micro traceate 
labellum  that  has  abandoned  the  function  of  directing  stylets  and  has 
acquired  the  function  of  sponging  fluids  or  particles  (Schuhmacher  and 
Hoffmann  1982)  without  tissue  laceration  (after  Snodgrass  1943) .  The 
labellum,  in  turn,  has  been  secondarily  modified  into  a  tissue -rasping 
structure  by  modification  of  distal  labellar  denticles  into  short, 
acuminate,  often  spinose  structures  (Senior-White  1922-23,  Makhan'ko 
1973,  Zaitzev  1982)  that  abrade  dermal  tissue  for  uptake  of  oozing 
subdermal  fluids  (Broadhead  1984).  Notably,  among  congeneric  species, 
labellae  have  been  modified  into  either  sponging  or  rasping  organs, 
depending  on  prestomal  tooth  development  (Broce  and  Elzinga  1984, 

Elzinga  and  Broce  1986).  An  alternative  route  of  labellar  modification 
is  prolongation  of  the  labellum  into  a  tubular  proboscis  surmounted  by  a 
battery  of  terminal  spines  for  piercing  tissue  (Gordon  et  al.  1956). 
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This  acquisition  effectively  changed  the  fleshy  labellum  into  a  semi¬ 
rigid  "stylet"  for  deep  penetration  into  tissue,  especially  in  sanguini- 
vorous  and  parasitic  dipterans  (Jobling  1926,  1928a,  1929). 

Palpi  of  adult  lepidopterans  generally  have  a  densely  suffused 
vestiture  of  hairs  or  their  structural  derivative,  scales.  Various 
sensillae  are  located  on  these  palpi  and  they  are  probably  used  for 
sensing  odors  associated  with  nectar  (Portier  1949,  Scott  1986).  Rare 
palpal  modifications  have  been  documented  by  Philpott  (1925)  wherein  the 
terminal  segment  is  modified  into  a  strygil,  presumably  for  grooming  the 
proboscis  or  antennae.  Although  apoid  hymenopterans  have  palpi  that 
appear  similar  in  shape  to  lepidopteran  palpi,  their  principal  function 
is  to  form  a  tube  with  the  galeae  for  the  extraction  of  fluid  food  by  a 
sucking  pump  (Snodgrass  1956) . 

The  last  trend  of  labial  palpus  modification  is  its  complete 
absence  or  vestigiality  in  several  groups .  These  groups  include 
mandibulate  collembolans ,  where  it  probably  is  secondarily  lost  (Adams 
and  Salamon  1972),  the  piercing- and- sucking  hemipteroid  anoplurans, 
homopterans  and  heteropterans ,  characterized  by  secondary  palpal  loss 
(Hamilton  1981) ,  and  various  strepsipterans  and  holometabolous  larvae 
which  have  undergone  mouthpart  reduction  usually  as  a  consequence  of  a 
parasitic  life-style  (Kinzelbach  1966;  for  examples  see  Gouin  1959  and 
Grandi  1959). 
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5.11.6.  Glossa  Modifications 
(Character  46) 

The  glossa  is  a  mesially- located,  distal,  labial  lobe  involved,  in 
part,  as  a  lower  "lip"  in  biting- and- chewing  insects.  In  its  general¬ 
ized  form  the  glossa  bears  many  sensory  structures  involved  in  tactile 
sensation,  gustation,  and  manipulation  of  food.  These  functions  have 
been  documented  for  orthopterans  (Gangwere  1960,  1966;  Chapman  and 
Thomas  1978) ,  isopterans  (Richard  1951) ,  and  larval  and  adult  coleo- 
pterans  (Corbi6re  1967,  Forsythe  1983).  Glossae  are  not  as  widespread 
throughout  the  orders  of  insects  as  are  their  maxillary  homologues,  the 
laciniae.  Glossae  are  present  mostly  in  solid  food-feeding  hemi- 
pteroids ,  adult  planipennians  and  adult  coleopterans ,  frequently  as  a 
conjoined  structure,  the  ligula  (vide  infra ;  Matsuda  1965).  Notably, 
glossae  are  absent  in  many  (probably  most)  holometabolous  adults, 
including  megalopterans ,  raphidiopterans ,  strepsipterans ,  mecopterans, 
trichopterans ,  lepidopterans ,  and  siphonapterans .  Although  glossae  are 
sporadically  absent  in  the  larvae  of  planipennians,  coleopterans  and 
hymenopterans ,  in  many  larval  panorpoid  forms  the  prementum  and  glossae 
are  inextricably  fused  to  the  hypopharynx  to  form  a  composite  organ 
involved  in  spinning  silk,  rasping  hard  substrates,  or  other  functions. 
In  a  few  forms,  such  as  orthopterans,  glossae  are  vestigial  and  are 
supplanted  by  paraglossae  as  the  major  labial  organs  of  food  manipula¬ 
tion  (Thomas  1966) . 

When  considered  in  its  total  range  of  structural  variation  (Fig. 
25),  four  major  patterns  characterize  glossal  form:  (i)  generalized 
glossal  or  ligulate  lobes  or  their  immediate  derivatives,  (ii)  various 
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K.  SILK  PRESS. 

PSO:  Stenopsocus  stig- 
malleus  Imhoff  &  Labrum. 
Adult,  [Badonnel,  in  Matsuda 
1965]. 


0.  PLATELIKE  LOBE. 

PLE:  Acroneuria  abnomts 
Newman.  Adult,  [Hoke  1924]. 


L  PENICILLATE 

COL:  Curou/to  caryae 
(Horn).  Adult,  [Ting  1936]. 


P.  ORAL  CONE 

PRO:  Acerentomon  affine 
Bagnold.  AdulL  [Francois 
1969]. 


I  UJ  piuniwvL.. 

Linneaus.  Adult,  [Hotfman 
1908]. 


M.  PAPILLATE 

ORT:  Melanoplus  ditterentialis. 
(Thomas).  AdulL  [Yuasa  1920] 


FIGURE  25.  Character -states  of  Character  46:  glossal 
Not  drawn  to  scale. 


COL:  Dytiscus  sp. 
Adult,  [Pauly  1915]. 


N.  ACICULATE 

EMB.  Embolyntha  bates!  Mac- 
Lachlan.  AdulL  [Lacombe 
1964], 


modifications . 
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modifications  for  more  specialized  modes  of  solid  food- feeding,  (iii) 
various  modifications  for  fluid- feeding  on  deep  tissue  or  surface 
liquids  and  (iv)  reduction  of  the  glossae  to  diminutive  processes, 
culminating  in  glossal  absence.  (I  am  using  the  term  "ligula"  to  refer 
to  an  undivided,  conjoined  glossal  lobe  or  to  any  other  region  of  the 
labium  distad  of  the  labial  palpus;  it  may  include  parts  of  the  pre- 
mentum. ) 

The  generalized  condition  consists  of  a  simple,  fleshy,  divided  or 
ligulate  lobe  with  sensory  organelles  and  a  modicum  of  setation.  This 
form  exists  in  apterygotes ,  some  orthopteroids ,  psocopterans ,  larval 
megalop terans ,  the  adults  and  larvae  of  coleopterans ,  nematocerous  and 
brachycerous  dipterans ,  and  hymenopterans .  Immediate  derivatives  of 
this  basic  form  are  (i)  subdivision  of  each  glossa  into  two  similar, 
generalized  lobes  in  archaeognathans ,  (ii)  the  formation  in  phasmato- 
deans  and  coleopterans  of  a  spatulate  lobe  from  each  glossa,  character¬ 
ized  by  a  narrowing  of  the  basal  attachment  region  and  (iii)  fusion  of 
each  glossa  to  the  paraglossa  in  odonatans ,  mallophagans  and  adult 
coleopterans.  These  four  character- states  are  associated  with  solid- 
food  feeding. 

More  distinctive  glossae  are  associated  with  solid- food  feeders 
that  are  specialized  on  particular  diets.  A  scrobinate  glossa  or  ligula 
is  found  among  omnivorous  blattoids  (Bugnion  1920)  and  various  symphytan 
hymenopterans,  especially  formicids  (Bugnion  1930).  For  hymenop terans , 
its  function  as  "a  rasping  and  licking  organ"  has  been  mentioned  for 
chalcids  by  Bucher  (1940:  236),  and  Seghal  (1963:  165)  described  the 
anterior  glossal  surface  of  a  vespid  as  "bearing  rows  of  very  small 
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setae  having  [a]  rasping  function."  A  common  structural  type  is  a 
densely  setate  lobe  that  is  characterized  by  a  profusion  of  hair  across 
a  broad  ligulate  glossal  surface,  as  opposed  to  the  penicillate  condi¬ 
tion-  -a  specific  collection  of  elongate,  specialized  setae  modified  into 
a  compact  brush  or  broom  for  licking  or  sweeping  particulate  matter. 
Setate  glossae  and  ligulae  are  widespread  in  adult  and  immature  terres¬ 
trial  coleopterans  with  eclectic  diets,  or  among  filter-feeding  aquatic 
ephemeropteran  naiads  (Schonmann  1981).  By  contrast,  penicillate 
glossae  have  a  more  restrictive,  terrestrially  based,  function  of 
capturing  particulate  material,  especially  pollen  (Schicha  1967,  Barth 
1985)  and  spores  (Lawrence  and  Newton  1980)  among  anthophilous  and 
mycophilous  coleopterans .  For  beetles ,  penicillate  glossae  or  cleft 
ligulae  (Goldman  1933)  bear  specialized  setae  for  entrapping  and  moving 
pollen  or  spores  toward  the  cibarium,  such  as  the  sticky  TrompenborsCen 
and  spoon-shaped  Loffelborsten  described  by  Schicha  (1967) .  These 
structures  are  coordinated  with  similarly  penicillate  or  otherwise 
setate  galeae  and  mandibles  for  the  transportation  of  particulate  food 
to  the  mouth  (Schicha  1967,  Fuchs  1974).  The  occurrence  of  glossal - 
paraglossal  fusion,  resulting  in  a  broad,  lower  plate,  is  found  in 
odonatan  adults  and  naiads  in  conjunction  with  raptorial  labial  palpi 
used  for  predation  (see  Popham  and  Bevans  1979) .  A  glossal-paraglossal 
plate  also  occurs  sporadically  in  adult  coleopterans  and  may  be  associ¬ 
ated  with  fungivory. 

The  labiohypopharyngeal  spinneret  of  trichopterans ,  lepidopterans 
and  symphytan  hymenopteran  larvae  is  a  silk- secreting  apparatus  formed 
ventrally  by  a  distal,  axial  lobe  of  the  labium  that  is  dorsally  adnate 
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to  the  hypopharynx  (Snodgrass  1935).  This  structure  is  used  by  aquatic 
hydropsychoid  caddisflies  to  spin  particle -trap  nets  for  filter- feeding 
(Wallace  and  Malas  1976;  Wallace  and  Merritt  1980)  and  pupal  cocoons  in 
obligately  herbivorous  caterpillars  and  sawflies  (Richards  and  Davies 
1977).  Unlike  the  strong  association  between  diet  and  the  spinneret, 
mucronate  glossae  are  found  in  various  insect  groups  lacking  a  dietary 
theme.  Two  basic  structures  occur  in  glossae  or  ligulae  specialized  for 
fluid- feeding .  First  are  structures  associated  with  piercing-and- 
sucking,  which  are  (i)  the  "ventral  sting"  or  stylet  in  sanguinivorous 
anoplurans  (Hirsch  1987),  (ii)  various  wall  sclerites  forming  the 
mouthcone  of  thysanopterans  (Heming  1978)  and  the  oral  cone  of  proturans 
(Francois  1969)  and  (iii)  the  stylet-guides  of  coleopterans  (Besuchet 
1972,  Dajoz  1976).  Secondly,  conjoined  glossae  form  a  prolonged  organ 
for  mopping  nectar  in  apoid  hymenopterans  (Snodgrass  1956) .  This 
prominent  organ  bears  numerous  ramose  hairs  (Bryant  1884)  to  which 
droplets  of  nectar  cling,  the  distalmost  of  which  are  modified  into  a 
spoon- shaped  structure  for  cupping  nectar  from  flower  sources  (Liu  1925, 
Barth  1985).  (This  glossa  is  mirrored  by  similarly  hair-laden,  very 
long  labellae  of  nectarivorous  tabanid  dipterans  [Mitter  1918].) 

Glossae  that  are  reduced  or  absent  occur  in  three  basic  forms. 

They  may  be  insignificant,  diminutive,  papillate  lobes,  often  over¬ 
shadowed  by  well -developed,  lobate  paraglossaae ,  found  in  orthopterans 
and  embiopterans  (see  Yuasa  [1920]  and  Rahle  [1970]  for  examples). 
Alternatively,  glossae  may  bear  a  few  spinose,  sclerified  projections,  a 
feature  found  in  predatory  coleopteran  adults  (Pauly  1915,  Weinreich 
1968,  Forsythe  1983).  Finally,  glossae  may  be  lacking  altogether--a 
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widespread  pattern  found  in  dermapterans ,  advanced  hemipteroids  and 
particularly  in  holometabolous  groups.  Notably,  glossal  absence 
characterizes  entire  groups,  such  as  larval  planipennians  and  adult 
trichopterans ,  lepidopterans  and  cyclorrhaphous  dipterans. 

5.11.7.  Paraglossae  Modifications 
(Character  47) 

Paraglossae  are  lobate  appendages  occurring  laterad  of  the 
glossae.  Although  they  are  encountered  less  frequently  than  glossae 
among  insect  groups ,  they  nevertheless  often  replace  glossae  as  the 
major  labial  organ  for  manipulating  food.  Paraglossae  are  frequently 
very  similar  in  overall  shape  and  vestiture  to  glossae- -a  feature  that 
is  not  paralleled  by  the  analogous  maxillary  lobes ,  the  galeae  and 
laciniae.  Because  of  these  features,  the  repertoire  of  paraglossal 
modification  is  significantly  less  than  that  of  the  glossae.  (Inter¬ 
estingly,  three  of  the  11  paraglossal  character -states  are  restricted  to 
hymenopterans  because  of  appendage  structural  variation  in  the  protrac¬ 
tile  and  retractile  labiomaxillary  apparatus.)  Although  the  scope  of 
paraglossal  modification  is  relatively  limited  for  a  mouthpart  appendage 
(Fig.  26),  four  major  patterns  can  be  discerned.  They  are  (i)  a 
generalized  or  structurally  equivalent  type,  (ii)  types  equipped  for 
processing  more  specialized  solid- food  diets,  (iii)  types  used  for 
obtaining  fluid  foods  and  (iv)  paraglossal  absence  or  near-vestigiality . 

The  generalized  paraglossa  comprises  an  unmodified,  fleshy  lobe 
used  in  sensory  reception  and  manipulation  of  solid  food  (Gangwere  1966, 
Thomas  1966,  Chapman  1982).  For  biting- and- chewing  orthopteroids ,  the 
paraglossae  are  the  principal  lobes  of  the  lower  lip  and  consist  of  a 
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B.  GENERALIZED. 

PSO:  Psocus  confratemus 
Banks.  Adult,  [Cope  1940]. 


F.  MUCRONATE 

TRI:  Philanisus  plebius 
(Walker).  Larva,  [Leader 
1976]. 


J.  PENICILLATE 

COL:  Megalodacne  tasclata 
Fabrlclus.  Adult,  [Williams 
1938], 


C.  UNGULATE. 

DER:  Labidura  riparia 
(Pallas).  Adult,  [Kadam 
1961], 


D.  PECTINATE. 

HYM:  Messor  structor 
Latreille.  Adult,  [Bugnion 
1930]. 


H.  CONJOINED  GLOSSAE& 
PARAGLOSSAE. 

ODO:  Onychogomphus 
ardens  Needham.  Adult, 
[Chao  1953]. 


E  PALPIFORM. 

HYM:  Bombus  sp.  Adult, 
[Saunders  1891]. 


I.  PLATELIKE  LOBE 
EPH:  Potamanthus  luteus 
(Linneaus).  Naiad,  [Landa 
1969]. 


G.  FLABELLATE 

HYM:  Nomiametanderi 
Cockerell .  Adult,  [Stephen, 
Bohart  &  Torchlo  1969], 


K.  ORAL  CONE 

THY:  Cephalothrips  yuccae 
Hinds.  Adult,  [Peterson  1915]. 


FIGURE  26.  Character- states  of  Character  47:  paraglossal  modifications. 
Not  drawn  to  scale. 
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robust,  unmodified  lobe  usually  in  carnivorous  groups,  and  a  more 
gracile,  spatulate  structure  in  herbivorous  to  omnivorous  groups  (Yuasa 
1920,  Walker  1931a).  For  some  adult  coleopterans ,  the  paraglossae,  when 
present,  is  a  spatulate  structure  (Williams  1938,  Crowson  1981). 
Mucronate,  or  tapering  palpi  are  found  in  thysanurans  and  mantodeans 
(Levereault  1936,  O'Hara  and  Adams  1942). 

Modifications  of  paraglossae  for  processing  solid  foods  include  the 
pectinate,  penicillate,  generalized- ligulate  and  palpiform  types. 
Pectinate  paraglossae  occur  in  adult  aculeate  hymenopterans ,  especially 
ants,  and  are  presumably  used  for  transferring  particulate  or  solid  food 
material  anteriorly  (for  examples,  see  Bugnion  1930).  These  paraglossae 
are  rigid,  coarsely  setate  to  spinose  and  bear  setation  similar  to  that 
of  the  pectinate  mouthparts  of  aquatic  forms  (Bugnion  1930) .  A  finer 
density  of  vestiture  and  a  smaller  setal  size  typifies  penicillate 
paraglossae,  which  dominately  occurs  in  ephemeropteran  and  plecopteran 
naiads  (Claassen  1931,  Landa  1969)  that  are  brush-feeders  on  stream 
detritus.  Notably,  this  is  a  reversal  of  the  typical  pattern,  wherein 
penicillate  mouthparts  are  associated  with  terrestrial  particle  feeders 
and  pectinate  mouthparts  with  aquatic  filter- feeders .  Another  para- 
glossal  modification  is  fusion  of  the  paraglossae  to  the  glossae  to  form 
a  broad  ligulate  expansion.  In  predatory  odonatan  adults  and  naiads, 
such  a  plate- like  structure  is  used  as  a  surface  against  which  the 
raptorial  claws  abduct  in  the  securing  of  prey  (Tanaka  and  Hisada  1980) . 
For  adult  coleopterans ,  this  ligulate  structure  occurs  in  groups  of 
diverse  dietary  habits  (Williams  1938;  Crowson  1981).  Finally,  para¬ 
glossae  are  rarely  modified  into  palpiform  structures ,  such  as  the 
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labial  strike  mechanism  of  the  adult  staphylinid  coleopteran  Stenus;  it 
is  involved  in  subduing  live  prey  as  the  prey  is  impaled  by  glossal 
spines  (Schmitz  1943,  Weinreich  1968). 

Paraglossae  are  modified  for  liquid- feeding  in  three  major  ways: 

(i)  participation  in  formation  of  an  oral  tube  for  directing  stylets, 

(ii)  as  a  basal  glossal  coverlet  for  chanelling  salivary  fluids  and 

(iii)  formation  of  an  elongated,  flabellate  tongue.  The  first  and  last 
of  these  modifications  parallel  patterns  found  in  glossae  (see  Section 
4.11.6).  Incorporation  of  paraglossal  sclerites  into  the  mouthcone  wall 
of  thysanopterans  has  been  mentioned  by  Heming  (1978).  Among  adult 
aculeate  hymenopterans ,  the  paraglossae  are  membranous,  linear  struc¬ 
tures  semicircular  in  cross-section,  serving  as  coverlets  for  the  basal 
part  of  the  glossal  tongue  for  guiding  salivary  secretions  into  the 
ventral  glossal  channel  (Snodgrass  1935) .  Paraglossae  are  often  hairy 
(Michener  1944)  and  can  be  as  long  as  the  glossa  in  some  bees  (Winston 
1979),  presumeably  assisting  the  glossa  as  a  flabellate,  nectar-mopping 
organ  (for  examples,  see  Demoll  1908). 

The  fourth  pattern  is  widespread  paraglossal  absence  among  collem- 
bolans,  advanced  hemipteroids  and  many  holometabolous  larvae.  Para- 
*glossae  are  absent  in  raphidiopterans ,  megalopterans ,  planipennians , 
most  superfamilies  of  coleopterans  (including  hydrophiloids ,  scarabae- 
oids,  elateroids,  cantharoids,  cucujoids  and  curculionoids) ,  strepsi- 
pterans,  mecopterans,  siphonapterans ,  dipterans,  trichopterans ,  lepido- 
pterans  and  larval  symphytans.  Paraglossae,  and  to  a  lesser  extent 
glossae,  are  structures  that  are  suppressed  to  some  degree  in  almost  all 
insect  groups  exclusive  of  apterygotes ,  paleopterans  and  orthopteroids . 
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5.11.8.  Labial  Palpus 
Aspect  Ratio  (Character  48) 

Labial  palpus  aspect  ratio  is  assessed  as  the  ratio  of  average 
segment  width  to  total  palpus  length,  excluding  the  palpifer.  Based  on 
the  magnitude  range  of  these  ratios,  labial  palpus  length  was  divided 
into  very  long,  long,  intermediate,  short,  and  absent  character-states, 
with  a  special  category  reserved  for  forms  with  labellate  or  labellate 
type  palpi.  In  general  terms,  there  are  only  four  major  patterns  of 
labial  palpus  length.  They  are  (i)  the  most  widespread  trend  of  mostly 
generalized  labial  palpi  (see  Section  4.11.5),  comprising  a  gradational 
series  ranging  from  intermediate  to  long  in  length,  (ii)  rare  occurrenc¬ 
es  of  very  long  palps,  (iii)  a  commonly  occurring  trend  of  short  palps 
and  (iv)  sporadic  occurrences  of  apalpate  forms  in  a  few  specialized 
groups.  These  trends,  in  turn,  bear  subpatterns  that  characterize 
taxonomically  discrete  groups . 

The  taxonomically  widespread  and  numerically  abundant  assemblage 
of  labial  palpi  that  gradationally  ranges  from  long  to  intermediate  is 
found  in  principally  orthopteroid,  neuropteroid  and  adult  panorpoid 
insects .  This  assemblage  is  so  dietarily  diverse  that  no  association 
exists  between  palpal  length  and  diet.  Two  subpatterns,  however,  are 
evident:  (i)  advanced  apterygotes- -archaeognathans  and  thysanurans - - 

uniformly  bear  intermediate - length  palpi  and  (ii)  orthopterans  and 
closely- related  orders  bear  long  palpi.  By  contrast,  the  distribution 
of  very  long  palpi  does  exhibit  a  pattern.  It  occurs  in  fluid- feeding 
siphonapterans ,  dipterans,  lepidopterans  and  aculeate  hymenopterans . 

This  distribution  is  congruent  with,  but  more  taxonomically  restrictive 
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than,  the  occurrence  of  very  long  maxillary  palps,  the  latter  which  also 
characterizing  certain  orthopterans ,  larval  coleopterans  and  adult 
mecopterans  (see  Section  4.10.6).  Undoubtedly,  in  siphonapterans  and 
dipterans ,  labial  palpus  length  is  associated  with  its  intimate  associa¬ 
tion  with  a  very  long  labium  used  for  housing  stylets  (Crampton  1925a, 
Snodgrass  1959) ,  which  among  siphonapterans  can  range  up  to  a  25 
segmented  structure  (Snodgrass  1946,  Holland  in  Matsuda  1965).  Among 
lepidopterans  and  aculeate  hymenopterans ,  very  long  palpi  are  associated 
with  prolonged  proboscides  and  the  attendant  functions  of  grooming 
(Scott  1986)  or  formation  of  a  food  tube  (Harder  1982). 

The  distribution  of  short  labial  palpi  occurs  predominantly  in  a 
few  maj  or  groups ,  each  which  has  a  rather  uniform  dietary  theme .  Short 
palpi  occur  in  primitive  apterygotes,  especially  predominantly  necro- 
vorous  proturans  and  diplurans.  They  also  occur  in  palpate,  mostly 
solid- food- feeding  hemipterans,  particularly  psocopterans ,  mallophagans 
and  thysanopterans .  Among  aquatic  naiads  of  ephemeropterans ,  pleco- 
pterans  and  trichopterans ,  short  palpi  are  usually  flattened,  broad  and 
with  distinctive  vestiture  for  collecting  suspended  particulate  material 
or  grazing  on  epibenthic  algae  or  detritus  (for  examples,  see  Landa 
1969)  . 

Adult  cyclorrhaphous  dipterans ,  which  feed  on  surface  and  shallow 
subdermal  fluids,  also  possess  short,  albeit  structurally  divergent, 
labial  palps  that  coalesce  to  form  a  fleshy  labellum  (Dethier  1959) . 

The  most  common  occurrence  of  short  palpi  is  among  larvae  of  every  major 
holometabolous  order,  where  they  constitute  part  of  the  pervasive 
syndrome  of  mouthpart  reduction  (Snodgrass  1935) ,  and  in  many  of  these 
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groups  they  appear  as  nubbins  with  a  few  sensory  setae  (for  examples, 
see  Jayewickreme  1940,  Peterson  1951,  Lorenz  and  Kraus  1957). 

Complete  labial  palpal  absence  occurs  as  a  major  feature  in  two 
insect  groups.  First,  it  is  part  of  the  Baupl&ne  of  fluid- feeding 
hemipteroid  insects  (anoplurans,  homopterans  and  heteropterans)  charac¬ 
terized  by  incorporation  or  wholesale  transferral  of  the  labium  into  a 
stylet-encompassing,  segmented-beak  (Hamilton  1981) .  Secondly,  palpal 
absence  is  associated  with  extension  of  the  trend  of  mouthpart  reduction 
in  holometabolous  larvae  and  strepsipterans  (vide  supra)  and  oftentimes 
is  a  consequence  of  labial  supression  (Kinzelbach  1966;  Teskey  1981e) . 

5.11.9.  Labial  Participation 
in  a  Multielement  Mouthpart 
Structure  (Character  49) 

Although  the  labium  exhibits  many  structural  parallels  to  the 
maxilla- -e.g.  palps  and  mesial  axial  lobes--it  nevertheless  enters  into 
more  multielement  complexes  than  the  maxillae.  The  structural  diversity 
of  the  mouthpart  apparati  in  which  the  labium  is  a  major  participant  is 
1.5  times  that  of  the  maxilla  (compare  Characters  40  and  49).  In  many 
groups ,  the  labium  has  been  an  integral  structure  in  the  development  in 
mouthpart  innovation,  particularly  the  haustellum  for  heteroptrrans  and 
dipterans,  the  protrusible  mask  of  odonatan  naiads  and  the  glossa- 
wringing  maxillolabial  complex  in  hymenopterans .  When  this  diversity  is 
surveyed,  six  large-scale  patterns  appear  to  characterize  multielement 
labial  development.  These  are  (i)  the  generalized  state  without  co¬ 
optation,  (ii)  formation  of  a  haustellum  of  various  kinds  and  their 
immediate  derivatives,  (iii)  formation  of  a  labellum  or  similar 
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structure  and  their  immediate  derivatives,  (iv)  various  other  structures 
associated  with  adult  feeding  on  surface  fluids,  (v)  modifications  of 
the  basic  mandibulate  condition  of  adults  and  (vi)  co-optation  with  the 
hypopharynx  to  form  a  spinneret  in  some  holometabolous  larvae. 

The  most  common  pattern  of  labial  structure  is  the  generalized 
condition,  consisting  of  a  segmented  palp  and  usually  one  or  two  pairs 
of  median  lobes .  This  type  is  found  in  some  apterygotes ,  orthopteroids , 
biting-and-chewing  hemipteroids ,  neuropteroids ,  many  holometabolous 
larvae  and  some  adult  hymenopterans .  Virtually  all  taxa  exhibiting 
generalized  labia  are  solid- food  ingesters,  albeit  of  diverse  dietary 
habits.  There  are  gradational  morphological  series  between  the  general¬ 
ized  condition  and  some  multielement  types ,  principally  the  labral  cone 
of  some  adult  coleopterans  (Crowson  and  Sen  Sarma  1973,  Besuchet  1972) 
and  rostrum  formation  in  adult  planipennians  (Crampton  1921c) . 

Labial  participation  in  a  haustellum  prominently  occurs  in  several 
unrelated  hemipteroid  and  panorpoid  groups.  This  co-optation  occurs 
either  by  incorporation  of  the  labium  as  part  of  the  wall  sclerites  in 
various  conical  haustella,  or  formation  of  an  entirely  labial  structure, 
palpal  or  nonpalpal  in  origin,  to  house  piercing  stylets.  The  mouthcone 
of  herbivorous  or  pollinivorous  thysanopterans  is  a  compact,  composite 
structure  integrating  sclerites  from  the  labrum,  maxilla,  labium  and 
head  capsule  in  the  construction  of  a  short,  distally  tapering,  aper- 
tuate  cone.  By  contrast,  haustellum-bearing  hemipteroids  bear  a  one-  to 
four- segmented,  entirely  labial  haustellum,  known  as  the  beak,  used  for 
fluid- feeding  on  biologically  bound  tissue.  Siphonapterans  also  bear  a 
similar  structure,  although  it  consists  of  conjoined  palpi  and  segment 
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number  can  be  as  high  as  25  (Matsuda  1965) .  Also  labial  in  origin,  the 
haustellum  of  nematocerous  and  brachycerous  dipterans  is,  by  contrast, 
unsegmented,  fasiculate  and  does  not  entirely  encompass  the  stylets, 
although  it  does  entrain  stylets  during  tissue  penetration  (Gordon  and 
Lumsden  1939)  .  The  various  enrolled  labial  extensions  that  form  stylet 
guides  are  not  true  sheathing  haustella  and  occur  among  various  adult 
coleopterans .  Notably,  the  labial  palpus  and  associated  structures 
assist  the  galeal  "stylet"  of  adult  noctuid  iepidopterans  in  piercing 
the  skins  of  fruits  and  even  bovid  ungulates  for  fluid  feeding  (Srivas- 
tava  and  Bogawat  1969;  B&nziger  1980).  A  similar  structure  occurs  in 
several  sanguinivorous ,  cyclorrhaphous  dipterans  (Jobling  1926,  Schaefer 
1979)  . 

A  fleshy,  hypognathous  structure  used  for  adsorbing  surface  fluids 
is  found  in  the  adults  of  four  major  insect  groups.  In  three  of  these 
groups  this  structure  is  composed  of  the  labium  or  is  indirectly 
supported  by  labial  elements .  In  dipterans  and  some  mecopterans , 
modified,  distally- expanded  palpi,  often  termed  a  labellum,  are  used  for 
sponging  exposed  fluids  (McAlpine  1981)  and  particles  (Schuhmacher  and 
Hoffmann  1982).  In  adult  trichopterans ,  a  prominent  fleshy  hypopharynx 
is  used  as  a  labellum- like  organ  for  sponging  surface  fluids  (Crichton 
1957).  Although  gryllid  orthopterans  bear  a  similar,  expansive  hypo- 
pharyngeal  organ  (Rietschel  1953) ,  it  is  deployed  independent  of  the 
labium.  A  major  modification  of  the  dipteran  labellum  is  its  modifica¬ 
tion  into  a  denticulate,  rasping  organ,  wherein  microtracheal  denticles 
have  been  converted  into  small,  piercing  spines  for  abrading  dermal 
tissue  (Broadhead  1984) . 
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Labial  elements  are  involved  with  various  other  adult  feeding 
organs  of  surface  fluids ,  particularly  the  glossa  of  apoid  hymenopterans 
and  the  siphon  of  lepidopterans .  The  maxillolabial  complex  of  hymeno¬ 
pterans  involves  a  variously  prolonged  glossa  which,  when  retracted, 
passes  through  a  constricting  "tube"  formed  by  maxillary  galeae  and 
labial  palpi  for  the  wringing  of  nectar  into  the  cibarium  (Snodgrass 
1942) .  The  paraglossae  act  as  a  cover-plate  for  the  directing  of 
salivary  secretions  into  the  glossal  furrow  (Snodgrass  1935) .  By 
contrast,  the  labium  is  only  a  supportive  element  for  the  anchoring  of 
the  maxillary  siphon  in  lepidopterans  (Schmitt  1938) . 

Multielement  complexes  modified  from  adult  biting- and- chewing 
mouthparts  include  the  structurally  disparate  rostra  of  curculionoid 
coleopterans ,  mecopterans  and  some  nemopterid  planipennians ;  the 
maxillolabial  apparatus  of  some  hymenopterans ;  and  the  labial  mask  of 
odonatan  naiads.  The  prognathous  elongation  of  the  anterior  head 
capsule  is  a  notable  feature  in  some  coleopterans  (Crowson  1981) ;  it  is 
conspicuous  among  curculionoids  (Ting  1936)  where  it  is  used  in  probing 
for  hard  foods,  especially  seed,  grain  and  pollen.  The  labium  contrib¬ 
utes  to  the  ventral  wall  of  this  structure  and  bears,  with  maxillary 
elements,  terminal  movable  mouthparts  (Dennell  1942).  By  contrast, 
mecopterans  and  nemopterid  planipennians  differ  by  having  movable 
mouthpart  elements  that  originate  basally  and  a  rostrum  consisting  of 
prolonged  mouthpart  elements  (Otanes  1922) .  Mecopteran  and  some  plani- 
pennian  rostra  also  bear  a  strong  clypeal  pump  (Heddergott  1938)  and  are 
associated  usually  with  a  fluid,  necrovorous  diet  (Hobby  and  Killington 
1934).  The  maxillolabial  complex  of  adult  hymenopterans  lacking  long. 
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glossal  tongues  (e.g.  ants)  processes  eclectic  diets  (Wheelr  1910).  The 
protrusible  labial  mask  of  predaceous  odonatan  naiads  is  a  nearly  unique 
structure,  matched  only  by  a  similar  structure  in  the  similarly  preda¬ 
ceous  adult  staphylinid  coleopteran  Stenus.  The  mask  consists  of 
elongate  postmental  and  premental  sclerites  that  are  connected  by  robust 
musculature  and  are  used  as  a  sling  for  the  rapid  capture  of  nearby  prey 
items  (Snodgrass  1954) .  Capture  is  effected  by  terminal  palpal  claws 
that  abduct  against  the  ligular  surface  for  securing  prey  (Popham  and 
Bevans  1979). 

Larvae  of  trichopterans ,  lepidopterans  and  symphytan  hymenopterans 
bear  a  labiophyopharyngeal  structure,  the  spinneret.  The  spinneret  pro¬ 
duces  silk  threads  that  are  used  variously  as  a  net  for  capturing 
suspended  detrital  particles  in  water  (Wallace  and  Malas  1976)  or  for 
constructing  pupal  cocoons  by  many  herbivorous,  terrestrial  larvae. 

The  labium  forms  an  essential  multielement  component  in  many 
mouthpart  complexes.  In  its  unco -opted  state,  it  mechanically  and 
sensorially  serves  as  a  "lower  lip"  in  biting  and  grazing  insects.  In 
derived  groups  the  labium  has  diverse  associations,  principally  with  the 
adj  acent  maxillae  and  hypopharynx  for  feeding  on  surface  fluids .  In 
most  piercing  forms,  the  labium  comprises  the  entire  haustellum,  housing 
various  combinations  of  mandibular,  maxillary,  hypopharyngeal  and 
epipharyngeal  stylets.  In  nonhaustellate  groups  such  as  proturans, 
thysanopterans  and  some  coleopterans ,  the  labium,  labrum  and  other 
sclerites  form  a  robust  mouthcone  or  other  stylet  guide  for  directing 
stylet  movement. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


173 


5.12.  Summary  Statements 

In  Chapter  4  I  have  attempted  to  demonstrate  how  various  charac¬ 
ters  and  character- states  relate  to  food  acquisition,  food  processing 
and  diet.  Although  at  a  gross,  qualitative  level  it  is  facile  to  speak 
of  structure  and  function  as  reciprocal  features  of  each  other- -for 
example  a  butterfly's  siphoning  proboscis,  a  fly's  sponging  labellum,  or 
a  beetle's  biting  mandibles- -such  equations  are  less  evident  at  the 
level  of  the  character  or  character- state  (see  Appendix  A) .  For 
example,  how  are  maxillary  palpi  associated  with  diet  or  feeding?  Could 
it  be  that  maxillary  palpi  are  structured  independent  of  diet?  (And  if 
so,  such  a  character  should  be  minimally  informative  in  the  data-set.) 
Alternatively,  as  the  documentation  of  this  section  has  shown,  consider¬ 
able  ecologic,  behavioral  and  taxonomic  data  exist  concerning  the 
relationship  between  gross  mouthpart  and  head  structure,  and  feeding  and 
diet.  For  example,  adult  cyclorrhaphous  flies  are  almost  always  asso¬ 
ciated  with  surface  fluid- feeding  whereas  hemipterans  obligately  pierce 
tissue  by  the  aid  of  stylets;  orthopteroids  are  biters- and- chewers  that 
consume  solid  food.  The  list  is  quite  extensive.  As  Smith  put  it: 

Virtually  anything  potentially  nutritious  provides  food 
for  one  insect  or  another  .  .  .  But  things  nutritious 
come  in  many  forms:  both  physical  (liquids,  free  or  con¬ 
tained;  solids,  in  bulk,  particulate,  soft,  hard,  homo¬ 
genous,  heterogenous)  and  animate  (active  prey,  hosts 
with  defence  systems).  Thus  we  may  expect  to  find  in 
the  adaptive  radiation  of  insects  a  diversity  of  feeding 
mechanisms  to  match  the  diversity  of  food  sources . 

Fortunately  evolution  is  constrained  both  by  physical 
law  and  by  its  raw  genetic  material.  Insect  mouthparts 
are  all  adaptations  of  the  same  set  of  basic  appendages. 

One  consequence  is  that  just  as  we  can  classify  the 
numerous  insect  species  into  far  fewer  groups ,  each 
sharing  common  characteristics ,  so  we  can  reduce  feeding 
mechanisms  into  manageable  sets  (Smith  1985:  34). 
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A  fundamental  assumption  in  this  section  is  that  these  "manageable 
sets"  are  reducible  to  a  large  suite  of  structurally  definable,  discrete 
characters  and  character- states .  Considerable  data,  marshalled  in  this 
section,  support  this  view:  labial  palps  are  either  absent  or  are  co¬ 
opted  into  the  haustella  of  stylate  forms;  forms  with  tubular  or 
chanelled  mandibles  are  obligately  insectivorous  and  predaceous .  This 
reduction  of  major  mouthpart/head  ensembles  into  smaller  structural 
units  operationalizes  (i.e.  makes  explicit)  and  thus  permits  categoriza¬ 
tion  of  described  insect  mouthparts  beyond  the  anecdotal  or  general 
qualitative  assessment  (see  also  functional  analyses  in  Section  2.2). 

Perhaps  a  more  robust  approach  is  a  numerical  quantification  of 
morphologically  relevant  mouthpart  measurements,  followed  by  a  multi¬ 
variate  analysis  of  mouthpart  form.  Although  in  principle  this  is 
desirable,  there  are  several  practical  drawbacks  to  such  a  study. 

First,  such  a  study  would  minimally  require  a  tenfold  increase  in  time 
needed  for  measuring  mouthpart  and  head  dimensions,  when  compared  to  the 
present  study.  Second,  there  is  the  widespread  unavailability  of  such 
data,  resulting  in  a  pronounced  decrease  of  taxonomic  representation  in 
the  data-set.  Third,  such  a  study  would  increase  the  number  of  vari¬ 
ables  in  the  data-matrix  variables  at  least  fivefold,  perhaps  signifi¬ 
cantly  risking  the  unavailability  of  relevant  computer  programs  for  data 
processing.  Lastly,  such  an  increase  in  quantitative  precision  may  not 
result  in  a  commensurate  increase  in  analytic  resolving  power. 

A  coarse-grained  synopsis  of  the  data-set  character- states  indi¬ 
cates  that  major  and  minor  patterns  are  present  based  on  (i)  the  numbers 
of  genera  or  species  possessing  particular  associated  character- states 
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and  (ii)  structural  divergence  of  the  character -states  themselves. 

First  are  the  major  patterns.  A  vast,  ordinally  diverse  assemblage  of 
apterygotes,  orthopteroids  and  neuropteroids  bear  generalized  mouthparts 
with  chewing  mandibles.  Second,  typical  biting-and-chewing  mouthparts 
of  holometabolous  larvae  are  often  reduced  for  very  different  functions  - 
-such  as  the  mouthhook  apparatus  of  some  cyclorrhaphous  flies  and  the 
labiohypopharyngeal  spinneret  of  some  panorpoids.  Third,  adult  fluid¬ 
feeding  hemipteroids  and  holometabolans  have  acquired  a  diverse  array  of 
mouthpart  body-plans  that  are  often  highly  correlated  with  taxonomy,  and 
use  various  feeding  methods  to  exploit  both  bound  and  exposed  fluid 
foods.  These  mouthpart  groups  are,  in  turn,  so  structurally  distinct 
from  each  other  that  they  warrant  separation  into  major  structural 
divisions,  namely  types  bearing  haustellum- enclosed  styli,  siphons, 
labella,  and  glossae. 

Minor  patterns  tend  to  be  associated  with  three  major  themes  of 
major  pattern  variation,  each  of  which  represents  a  shift  in  some  aspect 
of  food  resource  use.  One  theme  is  the  restructuring  of  mouthparts  to 
capture  or  process  food  more  efficiently  in  certain  groups .  This 
includes  the  mortar-and-pestle  mechanism  in  mandibulate  hemipteroids 
used  as  a  second  "jaw"  for  processing  solid  food,  and  the  rapidly 
protractile  labial  mask  of  odonatan  naiads  used  for  securing  live  prey. 

Another  prominent  theme  is  the  frequent  reversion  to  piercing  of 
biologically  contained  fluids.  Among  holometabolous  adults,  noctuid 
lepidopterans  have  converted  a  siphonate  proboscis  into  a  barbed  stylet 
for  piercing- and- sucking;  cyclorrhaphan  dipterans  have  likewise  reverted 
to  "piercing-and-sucking"  by  modification  of  the  distal  labellar  surface 
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for  piercing  dermal  tissue;  various  coleopterans  have  independently 
altered  typical  chewing  mouthparts  into  nonhaustellate  piercing  struc¬ 
tures  for  feeding  on  biologically  bound  fluids .  Larval  coleopterans  and 
planipennians  have  separately  acquired  mandibles  for  feeding  on  liquids 
in  live  prey.  (Notably,  this  trend  is  not  parallelled  in  the  opposite 
direction:  secondarily  mandibulate  mouthparts  rarely  have  originated 
from  nonmandibulate  mouthparts  [see  Aldrich  (1922)  for  an  exception].) 

A  third  theme  is  the  common  acquisition  of  particle -feeding  in 
diverse  mouthpart  groundplans.  This  theme  assumes  two  major  ecological 
trajectories:  development  of  filter- feeding  and  brush- sweeping  for 
detritivory  and  microvory  by  aquatic  naiads  and  larvae,  and  mouthparts 
modified  for  the  consumption  of  terrestrial  pollen  and  spores.  The 
latter  trend  is  represented  by  the  mouthcone  of  thysanopterans ,  used  to 
punch- and- suck  the  contents  of  pollen.  Analogously,  coleopterans 
demonstrate  two  major  types  of  mouthpart  modifications  for  pollenivory 
and  sporivory.  These  are  the  modified  penicillate  mouthparts  of  adult 
forms ,  used  to  transport  particles  to  the  cibarium  where  they  are  either 
swallowed  whole  or  macerated;  and  the  elongate  rostrum  of  curculionoids , 
where  ratchet- shaped  mandibles  fragment  pollen  grains  prior  to  inges¬ 
tion.  Apoid  hymenopterans  that  supplement  nectarivory  with  pollenivory 
possess  well -developed  mandibles  for  extracting  pollen. 

These  three  themes- -the  transformation  of  the  basic  biting-and- 
chewing  mouthparts  in  mandibulate  insects  into  liquid-  and  particulate 
feeding- -reflect  the  three  fundamental  ways  that  food  form  is  presented 
to  insects.  Food  occurs  as  solid  matter,  as  exposed  or  biologically 
bound  liquid,  or  as  suspended  or  nonsuspended  particles. 
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CHAPTER  6 


THE  SAMPLES:  A  REPRESENTATIVE  SELECTION 
OF  INSECT  DIVERSITY 

6.1.  Organization  and  Coverage  of  the  Data 
In  this  study,  a  data- entry  is  defined  as  a  line  of  mouthpart- 
morphological  and  dietary  data  for  a  particular  examined  species,  in¬ 
cluding  its  number ,  ordinal  abbreviation  and  Latin  binomial  name.  Data- 
entry  documentation  for  both  mouthpart  morphology  and  diet  is  provided 
in  Appendix  B.  In  Appendix  B,  the  examined  taxa  are  listed  in  a  phylo¬ 
genetic  scheme,  hierarchically  by  order,  suborder  (when  relevant), 
superfamily  (when  relevant),  family  and  finally  each  genus  or  genus -and - 
species,  listed  alphabetically  within  its  respective  family.  The 
classification  follows  Parker  (1982)  (see  Appendices  B  and  D) .  Several 
recently  described  taxa  of  new  families  not  included  in  Parker's 
encyclopedia  were  added  to  Appendix  D.  Appendix  C  records  the  genera 
and  genera- and- species  examined  as  data- entries  in  the  order  that  they 
appear  in  Appendix  B. 

The  data  base  represents  a  total  familial  coverage  of  70.0%  within 
the  Class  Insec ta,  with  a  range  of  familial  coverage  per  order  from  25% 
(Mantodea)  to  100%- -the  latter  composed  expectedly  of  mostly  the 
familially  small  orders  of  Archaeognatha,  Isoptera,  Grylloblattodea, 
Zoraptera  and  Megaloptera,  as  well  as  the  more  diverse  Planipennia  and 
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Mecoptera  (Table  4).  However,  a  few  large,  morphologically  diverse 
orders  have  familial  coverage  above  the  average,  namely  the  Coleoptera 
(83%),  Diptera  (90%)  and  Hymenoptera  (78%).  The  Diptera,  containing  the 
most  diverse  assemblage  of  mouthpart  morphologies  of  any  order,  was 
extensively  sampled.  The  documentation  represents  adult  and  immature 
forms;  mouthpart  descriptions  from  the  egg  and  pupal  stages  have  been 
omitted  because  of  the  paucity  of  source  material.  Coverage  of  imma- 
tures  in  the  data  amounted  to  a  total  of  38%  of  the  data  base.  Larval 
data  originated  from  both  paurometabolous  orders  with  naiad  stages,  for 
example  Ephemeroptera  (93%  naiads) ,  Odonata  (23%  naiads)  and  Plecoptera 
(55%  naiads)  and  from  holometabolous  orders  with  larval  stages,  averag¬ 
ing  between  25  to  57%  larval  representation  per  order  (see  Table  4  for 
specifics).  Particular  attention  was  paid  to  diverse  families,  where 
sampling  was  intensified.  Diverse  families  with  more  than  10  representa¬ 
tives  and  in  decreasing  order  of  abundance  are  the  Carabidae  (ground 
beetles) ,  Staphylinidae  (rove  beetles) ,  Curculionidae  (weevils) , 
Scarabaeidae  (scarab  beetles),  Culicidae  (mosquitoes),  Formicidae 
(ants),  Hydrophilidae  (water  scavenger  beetles),  and  Tenebrionidae 
(darkling  beetles).  I  have  attempted  to  cover  as  much  of  insect- 
mouthpart  diversity  as  the  source  literature  permitted.  I  focused  not 
only  on  obvious ,  maj  or  mouthpart  morphologies  but  also  on  the  idiosyn¬ 
cratic- -those  morphologies,  from  both  immatures  and  adults,  that  are 
rare,  specialized,  often  described  in  less  accessible  sources  and  infre¬ 
quently  discussed  in  major  textbooks  or  mouthpart  review  articles. 

A  percentage  representation  of  the  most  abundant  orders  in  the 
data-set  is  given  in  Fig.  27.  Note  that  it  generally  mirrors  the 
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TABLE 4 


PERCENTAGE  REPRESENTATION  OF  FAMILIES,  SPECIES  AND  SUBADULT  FORMS  FOR  EACH  ORDER  IN 

DATASET 


Familial  representation  of  orders 

Species  representation 
of  the  total  data  set 

Representation  of  immature 
forms  (e.g.  larvae)  per  order 

number  of 

number  of 

percent 

number  of 

percent  of 

number  of 

percent  of 

families 

families  re- 

familial 

species  re- 

species 

subadult  taxa 

subadult  taxa 

within 

presented 

coverage 

presented 

represented 

per  order  in 

per  order  in 

Order 

the  order 

in  data  set 

per  order 

in  data  set 

of  the  total 

the  data  set 

the  data  set 

Protura 

4 

2 

50.0 

3 

.22 

0 

0.0 

Collembola 

15 

8 

53.3 

8 

.59 

0 

0.0 

Diplura 

6 

2 

33.3 

3 

.22 

0 

0.0 

Archaeognatha  2 

2 

100.0 

3 

.22 

0 

0.0 

TTiysanura 

4 

3 

75.0 

6 

.44 

0 

0.0 

Ephemeroptera  19 

14 

73.7 

28 

2.05 

26 

92.9 

Odonata 

25 

8 

32.0 

22 

1.61 

6 

22.7 

Blattodea 

5 

4 

80.0 

6 

.44 

0 

0.0 

Mantodea 

8 

2 

25.0 

4 

.29 

0 

0.0 

Isoptera 

6 

6 

100.0 

12 

.88 

0 

0.0 

Grylloblattodea  1 

1 

100.0 

1 

.07 

0 

0.0 

Orthoptera 

63 

26 

41.3 

36 

2.64 

0 

0.0 

Phasmatodea 

11 

6 

54.5 

6 

.44 

0 

0.0 

Dermaptera 

11 

6 

54.5 

6 

.44 

0 

0.0 

Embioptera 

8 

7 

87.5 

7 

.53 

0 

0.0 

Plecoptera 

15 

14 

93.3 

29 

2.12 

16 

55.2 

Zoraptera 

1 

1 

100.0 

1 

.07 

0 

0.0 

Psocoptera 

37 

10 

27.0 

12 

.88 

0 

0.0 

Anoplura 

15 

5 

33.3 

5 

.36 

0 

0.0 

Mallophaga 

11 

10 

90.1 

16 

1.17 

0 

0.0 

Thysanoptera 

5 

3 

60.0 

9 

.66 

0 

0.0 

Heteroptera 

74 

55 

74.3 

70 

5.13 

1 

1.4 

Homoptera 

55 

44 

80.0 

62 

4.54 

8 

2.9 

Megaloptera 

2 

2 

100.0 

7 

.53 

4 

7.1 

Raphidioptera 

i  2 

1 

50.0 

3 

.22 

1 

33.3 

Pianipennia 

17 

17 

100.0 

32 

2.34 

15 

46.9 

Coleoptera 

156 

130 

83.3 

347 

25.42 

171 

49.3 

Strepsiptera 

7 

6 

85.7 

12 

.88 

5 

41.7 

Mecoptera 

8 

8 

100.0 

16 

1.17 

4 

25.0 

Siphonaptera 

15 

9 

60.0 

20 

1.47 

5 

25.0 

Diptera 

123 

111 

90.2 

236 

17.29 

91 

38.6 

Trichoptera 

39 

35 

89.7 

59 

4.32 

28 

47.5 

Lepidoptera 

138 

72 

52.2 

141 

10.33 

73 

51.8 

Hymenoptera 

&£ 

SS 

ZL5 

1SZ 

.  1.0,04 

za 

53.3 

TOTALS: 

AVERAGES: 

997  699 

1 — 70.1%J 

70.6% 

1365 

100.02 

515 

37.7% 
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MOUTHPART  DATASET 


FIGURE  27.  Proportional  representation  of  the  most  abundant  hexapod 
orders  in  the  data  set. 
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proportional  diversities  of  the  most  diverse  orders  in  the  modern 
hexapod  fauna. 


6.2.  Criteria  for  Selecting  Data 

Approximately  1200  mouthpart -morphology  references,  including 
journal  articles,  monographs  on  the  systematics  of  particular  insect 
taxa,  various  general  accounts,  written  communication  and  personal 
observation,  in  decreasing  order  of  importance  (Appendix  B) ,  were  used 
to  generate  the  mouthpart  data  base  (Appendix  C) .  The  following 
criteria  were  adjudged  essential  in  assessing  the  quality  of  the  data 
base. 

6.2.1.  Data  Source  Quality 

Data  sources  with  line  drawings  and  text  descriptions  were  pre¬ 
ferred  in  assessing  character- states  of  examined  species.  Sources  with 
photographic  documentation  or  with  text  descriptions  only  were  less 
preferable.  Sources  with  idealized  abstractions  (e.g.  DuPorte  1957; 
Steinmann  and  Zombori  1981,  1984)  were  either  rejected  or  on  occasion 
were  used  only  for  more  generalized  (usually  head)  characters ;  they  were 
never  employed  totally  for  determination  of  specific  details  of  mouth¬ 
part  morphology.  Generally,  monographic  sources  from  the  period  1930  to 
1970,  with  line-drawings  and  head  and  mouthpart  reconstructions,  were 
valued  as  data  sources .  * 
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6.2.2.  Citation  to  the 
Genus  or  Species  Level 

Each  data  source  met  the  requirement  of  citing  the  described  taxon 
to  either  a  particular  genus,  with  species  indeterminate,  or  to  a 
particular  genus  and  species.  Data  describing  family- level  characters 
or  archetypal  reconstructions  were  not  used. 

6.2.3.  Multiple  Data  Sources 

Whenever  possible,  multiple  data  sources  were  used  to  assess  head 
and  mouthpart  characters  of  an  examined  taxon.  Multiple  data  sources 
were  used  in  72%  of  all  data-entries .  The  purpose  of  multiple  data 
sources  was  to  achieve  consistency,  and  when  consistency  failed,  a 
judgement  was  made  regarding  the  more  reliable  data  source  (or  sources) 
for  the  examined  taxon.  Almost  always  the  variation  in  shape,  dimen¬ 
sion,  or  some  other  morphological  attribute  of  a  character  occurred 
within  the  relatively  coarse-grained  distinctions  established  by  the 
character-state  categories  (Appendix  A).  On  rare  occasions,  certain 
genus-level  character- states  could  not  be  gleaned  from  the  literature, 
in  which  case  either  a  blank  was  left  in  the  data  array  or  the  charac¬ 
ter-state  was  assessed  from  relevant  morphological  or  systematic 
treatments  covering  a  higher  taxonomic  level  (usually  the  family) . 

6.2.4.  Primary  and 
Secondary  Data-Sources 

For  each  examined  taxon  in  Appendix  B,  a  primary  data- source  (or 
sources)  is  indicated  by  the  absence  of  brackets.  Primary  data-sources 
describe  the  genus  or  species  listed  as  a  data- entry  and  may  refer  to 
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either  a  portion  or  all  of  the  49  character- states .  Often  primary  data 
sources  complement  each  other  by  describing  different  morphological 
regions  of  the  same  taxon;  occasionally  they  overlap  entirely.  When 
available,  secondary  data-sources ,  indicated  by  brackets,  were  used  to 
supplement  primary  data-sources.  Thus,  secondary  data-sources  princi¬ 
pally  fill  in  the  data  gaps  left  by  primary  sources .  Also ,  brackets 
were  used  for  those  species -resolved  data  sources -belonging  to  a 
different  (but  always  congeneric)  species  than  that  of  the  data  entry. 

6.3.  Summary  Statement 

This  study  has  sampled  as  much  of  the  taxonomic  breadth  of  insects 
as  can  reasonably  be  achieved  without  intensively  examining  all  the 
monographic  literature.  An  attempt  has  been  made  to  sample  those  groups 
that  are  taxonomically  diverse  or  exhibit  considerable  variation  in 
mouthpart  structure.  Particular  emphases  have  been  placed  on  consulting 
reference  sources  that  yield  reliable  descriptive  data  either  at  the 
genus  or  species  level.  These  and  other  features  are  designed  to  insure 
quality  control  in  the  documentary  data  that  has  entered  the  data-set. 
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CHAPTER  7 


CLUSTERING  METHODOLOGY 

In  this  chapter  I  will  (i)  discuss  the  rationale  for  using  a  clus¬ 
ter  analysis  in  the  evaluation  of  the  data  in  Appendix  C,  (ii)  describe 
the  algorithms  used  in  the  cluster  analysis  and  (iii)  assess  how  the 
clusters  were  converted  into  a  classification  system  of  mouthpart  types . 

7.1.  Appropriateness  of  Cluster  Analysis. 

Of  the  several  available  multivariate  techniques  for  determining 
pattern  within  large  data-sets,  cluster  analysis  presents  three  major 
advantages.  First,  cluster  analysis  is  a  recommended  exploratory 
technique  for  initially  assessing  data-set  structure.  It  produces  a 
dendrogram  that  displays  nonoverlapping  groupings  that  are  distinct  from 
other  such  groupings,  so  that  gross  patterns  can  be  readily  determined. 
Secondly,  cluster  analysis  is  an  ideal  classif icatory  technique  that 
partitions  a  patterned  data-set  into  hierarchical  categories  that  are 
readily  interpretable.  Cluster  analysis  forms  clusters  by  grouping  them 
sequentially,  such  that  each  OTU  is  amalgamated  one  at  a  time  with 
another  OTU  or  pre-existing  cluster.  Thus,  a  hierarchy  of  clusters 
permits  a  classification  based  on  successively  increasing  or  decreasing 
inclusivity  of  OTU's  or  clusters  (Sneath  and  Sokal.  1973).  Also,  since 
the  produced  clusters  do  not  share  common  elements,  each  cluster  is 
distinct.  Thirdly,  cluster  analysis  is  applicable  to  large  data-sets 
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and  graphically  represents  data-set  patterns  that  are  readily  interpret¬ 
able  by  using  several  criteria.  These  three  features- -a  proven  explor¬ 
atory  technique,  appropriateness  for  generating  a  phenetic  classifica¬ 
tion  and  amenability  for  use  in  large  data-sets- -were  considered  in  my 
choice  of  cluster  analysis. 

7.2.  Similarity  Index 

The  analysis  of  the  data-set  in  this  study  presented  three  major 
problems  in  using  conventionally  available  clus  tering  programs.  The 
first  difficulty  was  the  presence  of  unordered,  multistate,  qualitative 
data  which  did  not  permit  use  of  similarity  algorithms  available  on  most 
cluster  ana  lysis  programs  installed  on  mainframe  computers.  These 
programs,  such  as  BMDP,  SAS  and  SPSS,  are  designed  for  either  continu¬ 
ous,  quantitative  data  or,  for  binarily  coded  qualitative  data.  It 
could  have  been  possible  to  recode  multistate  data  in  the  mouthpart 
data-set  binarily.  However,  this  would  have  produced  a  huge,  unwieldy 
data-set  and  incurred  the  danger  of  preferentially  weighting  characters 
with  numerous  character-states.  If  an  inappropriate  similarity  index 
was  used,  it  would  have  circumvented  my  discretionary  choice  of  vari¬ 
ables  schematically  detailed  in  Fig.  2  and  listed  in  Appendix  A.  A 
second  limitation  of  mainframe  cluster  analysis  packages  is  that  in 
those  programs  where  multistate  data  is  accepted,  such  as  Block  Cluster¬ 
ing  on  BMDP3M,  there  is  an  absolute  limit  of  nine  character -states  per 
character,  thus  disallowing  16  of  my  49  variables  (Appendix  A). 

Recoding  these  variables  would  introduce  the  data-set  biases  mentioned 
above.  Finally,  the  relevant  cluster  analysis  programs  do  not  accept 
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cases  with  missing  data;  if  missing  data  are  present,  the  cases  are 
rejected  from  the  analysis. 

Given  these  limitations,  a  FORTRAN  program  was  written  to  produce 
a  1365  X  1365  Jaccard  similarity  matrix  of  cases  (taxa  in  Appendices  B 
and  C) .  The  Jaccard  index  of  similarity  was  used  because  it  is  a 
simple,  easily  understood  metric  that  measures  the  proportion  of 
identical  character-states  in  a  pair  of  OTU's.  The  Jaccard  index  (Sj) 
places  the  number  of  positive  matches  among  characters  between  two  cases 
over  the  number  of  matches  and  mismatches ,  where  A  is  the  number  of 
matches  and  B  the  number  of  mismatches ,  calculated  for  any  two  cases  on 
the  49  characters  (Sneath  and  Sokal  1973) : 

A 


Note  that  negative  matches  are  excluded  (and  actually  irrelevant  given 
the  coding  scheme  employed)  and  that  the  numerator  equals  the  number  of 
characters  (49) ,  except  when  missing  data  are  encountered. 

This  matrix  was  then  imput  into  program  BMDP1M  for  cluster  analy¬ 
sis.  The  choice  of  BMDP1M  program,  Cluster  Analysis  of  Variables 
(Hartigan  1988) ,  was  made  since  it  will  accept  a  large  external  similar- 
ity  matrix  as  input  and  perform  simple,  unweighted  pair-group  clustering 
upon  it.  Consequently  the  BMDP1M  program  was  used  to  cluster  cases 
(OTU's),  even  though  they  were  outputted  technically  as  "variables." 

The  advantage  of  this  two-step  process  is  that  the  three  major  objec¬ 
tions  for  using  similarity  indices  provided  by  mainframe  cluster  analy¬ 
sis  programs  were  circumvented.  The  Jaccard  index  of  similarity  was 
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used  because  of  all  the  available  similarity  measures,  it  was  the  only 
commonly  used  measure  appropriate  for  the  unordered,  multistate,  quali¬ 
tative  data  of  my  data-set.  The  Jaccard  algorithm  ( S j )  places  the  num¬ 
ber  of  positive  matches  of  all  characters  on  two  data-set  cases  over  the 
number  of  matches  and  mismatches  (Sneath  and  Sokal  1973) .  Negative 
matches  were  not  relevant  because  of  the  coding  scheme  employed,  and 
matches  based  on  joint  presence  of  missing  data  were  excluded  from  the 
analysis.  Thus,  where  A  is  the  number  of  matches  and  B  the  number  of 
mismatches,  a  similarity  index  was  calculated  for  any  two  cases  on  the 
49  characters.  The  Jaccard  algorithm  enters  only  those  character- states 
in  common  between  two  cases  and  ignores  all  other  matches  and  mismatches 
in  the  numerator.  The  advantage  of  the  Jaccard  algorithm  is  that  the 
derived  similarity  matrix  is  based  only  on  mutual  presence  of  nonzero 
characters  and  hence  is  a  conservative  yet  realistic  index  of  similarity 


7.3.  Clustering  Algorithm 

The  unweighted  average  linkage  algorithm  of  joining  clusters  was 
used  in  the  analysis.  Average  linkage  is  calculated  after  each  cluster¬ 
ing  cycle  as  the  mean  similarity  between  all  members  of  a  newly  formed 
cluster  and  members  of  other  previous  clusters  (see  Dillon  and  Goldstein 
1984).  Consequently,  average  linkage  is  the  summation  of  similarity 
values,  s,  between  OTU1-  of  cluster  i  and  OTUj  of  cluster  j,  divided  by 
the  product  of  the  number  of  OTU's  of  the  two  clusters  (n^nj) : 
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The  advantage  of  average  linkage  is  that  it  de- emphasizes  the  extreme 
distance  values  of  cluster  outliers  that  are  present  in  single  linkage. 
Thus,  there  is  a  greater  tendency  for  clusters  to  be  formed  homogeneous¬ 
ly,  resulting  in  minimization  of  group  outliers  ("chaining")  in  the 
resulting  dendrogram. 

7.4.  Interpretation  of  the  Dendrogram 

Several  somewhat  subjective  methods  are  used  for  defining  groups 
in  the  dendrogram  produced  by  the  cluster  analysis.  Commonly  cited 
criteria  are  (i)  evaluation  of  subcluster  discreteness  by  reference  to 
branch  lengths,  (ii)  overall  dendrogram  topology  as  a  guide  to  sub¬ 
cluster  separation  (b)  evaluation  of  cluster  branch- lengths ,  (iii) 
levels  of  similarity  and  (iv)  absence  of  chaining,  corresponding  to 
breaks  in  the  data.  I  generally  avoided  use  of  a  "phenon  line," 
particularly  since  the  number  of  members  in  otherwise  discrete  clusters 
varied  by  at  least  three  orders  of  magnitude  (cf.  mouthpart  classes  3 
and  32  in  Table  5) ,  and  the  basal  branches  of  diverse  clusters  appeared 
to  be  at  a  lower  amalgamation  level  than  those  of  nondiverse  clusters. 

In  addition  to  the  dendrogram- specific  criteria  above,  the  result¬ 
ing  clusters  must  also  meet  several  biologically-based  criteria.  These 
criteria  include  (i)  the  demonstration  that  the  clusters  are  internally 
rationalizable  in  terms  of  a  common  mouthpart  structure,  (ii)  determina¬ 
tion  of  structural  uniqueness  of  the  mouthpart  characters  when  compared 
to  other  clusters  of  the  dendrogram  and  (iii)  coincidence  with  a 
mouthpart  morphology  previously  recognized  in  the  literature,  when 
possible.  In  about  90%  of  the  cases,  the  first  two  criteria,  in 
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addition  to  dendrogram  topology,  were  sufficient  to  warrant  designation 
of  particular  clusters  as  distinct  mouthpart  types.  In  a  few  instances, 
the  last  criterion  was  also  important  in  making  a  final  determination. 
Neither  taxonomic  abundance  nor  diversity  was  used  in  the  evaluation  of 
clusters . 

Taxon  membership  within  the  cluster  must  be  recognizable  in  terms 
of  a  consistent  theme  of  mouthpart  structure.  For  making  meaningful 
assignments,  both  primary  and  secondary  clusters  must  exhibit  an 
identifiable,  key  structural  feature  or  ensemble  of  features  shared  by 
all  cluster  members,  from  which  the  group  derives  its  name  (see  Section 
8.2.).  Two  potential  difficulties  in  this  regard  are  intergrading  taxa 
between  major  clusters,  which  appears  to  be  minimal,  and  extremely  large 
clusters  which  contain  a  significant  amount  of  chaining  in  the  subclus¬ 
tering  taxa.  The  later  point  confounds  class  discrimination  and  the  use 
of  phenon  lines.  The  vast  adult- ectognathate  class  (Figs.  28,  36a-g; 
Table  5)  is  the  best  example  of  this:  it  can  be  partitioned  into  two 
subclusters ,  each  of  which  may  be  rationalized  based  on  clustering 
pattern  but  not  on  mouthpart  structure. 

The  second  biologically-based  criterion  is  structural  uniqueness 
of  the  represented  mouthparts  in  a  particular  cluster  with  respect  to 
other  such  clusters.  Not  only  must  clusters  be  internally  consistent, 
sharing  common  mouthpart  elements,  but  each  cluster  must  clearly 
correspond  to  an  anatomical  structure  that  is  differentiated  from  other 
clusters.  Thus,  a  few  isolated  taxa  were  not  assignable  and  are 
considered  anomalous.  (They  are  discused  under  "Structural  Themes"  in 
the  appropriate  sections  of  Chapter  8 . ) 
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FIGURE  28.  Cluster  analysis  dendrogram  of  Recent  hexapod  mouthparts 
See  text  for  methods  of  data  analysis  used  for  the  generation  of 
this  dendrogram. 
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A  MORPHOLOGICAL  CLASSIFICATION  OF  RECENT  HEXAPOD  MOUTHPARTS 


mouthpart 

mouthpart 

life 

ntnber 

series 

m 

cfas s 

taxa * 

stage 

studied 

MANDIBULATE 

1. 

Entognathate 

Collembola,  Diplura 

nymphs, 

adults 

10 

2. 

Monocondylate 

Archaeognatha 

nymphs, 

adults 

3 

3. 

Adult - 
Ectognathate 

Thysanura,  Blattodea,  Mantodea, 
Phasmatodea,  Grylloblattodea, 
Orthoptera,  Isoptera,  Dermaptera, 
Embioptera,  Plecoptera,  Zoraptera, 
Megaloptera,  Planipennia,  Megalo- 
ptera,  Raphidioptera,  Coleoptera, 
Lepidoptera  (Zeugloptera),  Hymeno¬ 
ptera  (Symphyta,  Apocrita- 
Parasitica) 

adults, 
naiads  ol 
Pleco¬ 
ptera, 
a  few 
larvae 

291 

! 

4. 

Larval- 

Ectognathate 

Coleoptera,  Mecoptera,  Siphon- 
aptera,  Diptera  (Anisopodidae), 
?Trichoptera  (Phryganopsychidae), 
Lepidoptera  (Zeugloptera) 

larvae 

164 

5. 

Maxillol ablate 

Hymenoptera  (Apocrita) 

adults 

24 

6. 

Raptorial- 

Ectognathate 

Odonata 

adults 

22 

7. 

Mortar-aad- 

Pestle 

Psocoptera,  Mallophaga  (Amblycera, 
Ishnocera) 

nymphs, 

adults 

27 

8. 

Rostrate 

Mecoptera;  Planipennia 
(Nemopteridae) 

adults 

13 

9. 

Rhynchophorate 

Coleoptera  (Curculionoidea) 

adults 

18 

10. 

Pectinate 

Ephemeroptera 

naiads 

26 

11. 

Mouthbrush 

Diptera  (Nematocera);  Coleoptera 
(Buprestidae);  Lepidoptera 
(Phyllocnistidae,  Gracillariidae) 

larvae 

3 

12. 

Mandibulo- 

brustiate 

Trichoptera 

larvae 

28 

13. 

Sericterate 

Lepidoptera  (Glossata); 

larvae 

125 

Hymenoptera 
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TABLE  5  (Continued) 


mothpart 

mouthpait 

MuriBd 

life 

ruJter 

series 

m 

slsss 

taxa* 

stages 

studied 

MANDIBULO- 

14. 

Fossate 

Planipennia 

larvae 

15 

CANAUCULATE 

Complex 

15. 

Tubulo- 

Coleoptera  (Hygrobiidae,  Dytiscidae, 

larvae 

20 

mandibulate 

Gyrinidae,  Haliplidae,  Lampyridae, 
?Telegeusidae,  Drilidae,  Lycidae, 
Phenogodidae,  Cantharidae,  Brachy- 
psectridae,  Omethidae) 

16. 

Mouthhook 

Diptera  (Cecidomyiidae,  Brachycera) 

larvae 

55 

LABELLATE 

17. 

Haustoriate 

Trichoptera 

adults 

30 

18. 

Labellate 

Diptera  (Tipuloidea,  Tanyderidae, 
Ptychopteridae,  Bibionoidea,  Brachy¬ 
cera);  Mecoptera  (Nannochoristidae) 

adults 

5 

SIPHONATE 

19. 

Siphonate 

Lepidoptera  (Glossata) 

adults 

53 

20. 

Siphono- 

Coleoptera  (?Hydrophilidae, 

adults 

5 

mandibulate 

Meloidae,  Rhipiphoridae) 

GLOSSATE 

21. 

Glossate 

Planipennia  (Nemopteridae);  Hymeno- 
ptera  (?Torymidae,  Sapygidae, 
Scolioidea,  Vespoidea,  Sphecoidea, 
Apoidea) 

adults 

29 

STYLATE-NON- 

22. 

Ent ognathous - 

Protura;  Collembola  (Neanuridae) 

nymphs, 

4 

HAUSTELLATE 

Stylate 

adults 

23. 

Ect ognathous- 

Orthoptera  (Cooloolidae);  Coleoptera 

adults, 

13 

Stylate 

(Sphaeridae,  Rhysodidae,  Leiodidae, 
Cerylonidae,  Corylophidae,  Euonetidae) 

a  larva 

STYLATE- 

24. 

Segmented  Beak 

Homoptera,  Heteroptera 

nymphs, 

118 

HAUSTELLATE 

adults 

25. 

Buccal  Cone 

Anoplura;  Mallophaga  (Haemato- 

nymphs. 

6 

myzidae) 

adults 
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mouBipart 

mouthpait 

inducted 

life 

number 

sales 

taxa * 

stages 

StesM 

STYLATE- 

HAUSTELLATE 

(Continued) 

26. 

Mouthcone 

Thysanoptera 

nymphs, 

adults 

9 

27. 

Monos ty late/ 
Distylate 

Diptera  (Asilidae,  Acroceridae, 
Empididae,  Bombyliidae) 

adults 

8 

28. 

Distylate/ 

Tetrastylate 

Diptera  (Anisopodidae,  Rhagionidae, 
Mydidae,  Therevidae,  Ironomyiidae) 

adults 

9 

29. 

Hexastylate 

Diptera  (Nematocera,  Tabanoidea) 

adults 

27 

30. 

Tristylate 

Siphonaptera 

adults 

15 

31. 

Tubulostylate 

Diptera  (Glossinidae,  Hippoboscidae, 
Streblidae,  Nycteribidae) 

adults 

10 

32. 

Slphonostylate 

Lepidpotera  (Noctuidae) 

adults 

2 

AGNATHATE 

33. 

Reduced- 

Trophic 

Homoptera  (Neococcoidea);  Coleo- 
ptera  (Eucnemidae,  Rhipiphoridae); 
Strepsiptera;  Diptera  (Nymphiomyi- 
dae,  Hyperoscleidae,  Gasterophilidae, 
Acroceridae);  Lepidoptera  (Zygae- 
noidea);  Hymenoptera  (Apocrita: 
Parasitica) 

nymphs 

larvae, 

adults 

52 

34. 

Nontrophic 

Ephemeroptera;  Lepidoptera 
(Hepialoidea,  Lasiocampidae, 
Satumiidae) 

adults 

9 

Notes 

‘Included  taxa  are  listed  as  orders  and,  when  relevant,  suborders  supertaxes,  or  families  of  orders  pos¬ 
sessing  members  in  the  given  mouthpait  class.  Not  every  ordinal  or  subordinal  grouping  necessarily  contains 
members  only  in  the  stated  mouthpait  class.  For  example,  whereas  most  coleopteran  larvae  are  larval 
ectognathate  (Class  4),  others  are  tubulomandibulate  (Class  15)  or  reduced  mandibulate  (Class  33). 
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Lastly,  an  important  but  not  necessarily  requisite  criterion  was 
the  identification  of  a  particular  cluster  with  a  previously  documented 
mouthpart  type  from  the  literature.  If  the  above  criteria  were  equivo¬ 
cal  regarding  the  uniqueness  of  a  given  cluster,  corroboration  from  the 
literature,  or  lack  thereof,  was  sought  to  lend  credence  to  a  final 
decision. 


C* 
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CHAPTER  8 


RESULTS  AND  INTERPRETATION 

In  this  section  I  will  first  present  a  cursory  historical  survey 
of  attempts  to  understand  the  diverse  repertoire  of  insect  mouthparts , 
focusing  on  major  conceptual  changes  as  well  as  standard  (usually 
textbook  or  review  article)  treatments  of  mouthpart  form  and  diver¬ 
sity.  Then  I  will  explain  those  criteria  by  which  primary  and  secondary 
mouthpart  groupings  are  established  from  the  data-set.  Finally,  I  will 
treat  the  derived  mouthpart  groups  formally.  In  my  formal  treatment  of 
each  mouthpart  group  I  will  (i)  describe  their  structural  features,  (ii) 
cite  key  phenocharacters ,  (iii)  discuss  taxonomic  representation  and 
ecological  roles,  (iv)  evaluate  structural  themes  within  the  mouthpart 
class,  (v)  discuss  geochronologic  range  and  fossil  history,  (vi)  mention 
previous  recognition  of  the  mouthpart  class  in  the  literature  and  (vii) 
provide  a  brief  review  of  relevant  literature. 

8.1.  A  Brief  History  of  Studies  of 
Mouthpart  "Classes" 

8.1.1.  Aristotle 

Aristotle  (384-322  B.C.)  recognized  at  least  four  major  mouthpart 
types  of  insects  in  his  works  on  natural  history.  He  described  forms 
with  biting  mandibles,  a  lapping  "tongue,"  a  sponging  "tongue,"  and 
piercing  stylets.  He  ascribed  solid  food  diets  to  mandible -bearing 
insects,  saying  that  "insects  such  as  have  teeth  [=mandibles]  are 
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omnivorous"  in  his  De  Historia  Animalium  (Book  V,  Chap.  11,  line  no. 
596b).  In  a  rather  exhaustive  treatment  on  apiculture,  he  comments  that 
bees  feed  on  "...  the  juices  of  the  flowers  . . .  with  the  organ  that 
resembles  a  tongue"  ( Historia  Animalium ,  V,  22:  554a).  As  for  certain 
flies,  he  observes  that  some  flies  possess  a  "tongue"  with  a"...  spongy 
texture  fit  to  absorb  nutriment"  (De  Partibus  Animalium,  IV,  6:  683a). 

In  a  short  discourse  on  the  cicada,  Aristotle  notes  that  "...  the  mouth 
and  the  tongue  are  united  so  as  to  form  a  single  part,  through  which,  as 
though  a  root,  the  insect  sucks  up  fluids  on  which  it  lives"  (De 
Partibus  Animalium,  IV,  5:  682a).  In  Aristotle's  discussion,  there  are 
two  major  categories  of  mouthparts:  those  with  "teeth"  (i.e.  mandibles) 
and  those  without  teeth,  having  a  proboscis.  Of  the  latter,  three 
subcategories  were  recognized,  namely  (i)  those  feeding  on  all  saps, 
such  as  the  sponging  mouthparts  of  flies,  (ii)  the  blood- sucking, 
sty late  mouthparts  of  mosquitoes  and  (iii)  those  feeding  on  sweet  sap, 
particularly  glossate  bees.  Aristotle  combined  empirical  observation 
with  inference  in  his  exposition  on  mouthparts,  often  suggesting  causal 
relationships  between  structure  and  diet.  He  was  well  aware  of  the 
scope  of  insect-mouthpart  variation: 

The  parts  concerned  in  nutrition  are  not  alike  in  all 

insects ,  but  show  considerable  diversity  (De  Partibus 

Animalium,  IV,  5:  682a). 

The  morphological  and  functional  insight  of  Aristotle  was  not 
surpassed  until  the  invention  of  the  microscope  during  the  late  1500's. 
Although  some  detailed  illustrations  of  microscopic  mouthparts  were  made 
by  Hooke  (1667),  it  was  not  until  the  late  1700's  and  early  1800's  that 
natural  philosophers  attempted  to  understand  mouthpart  form. 
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8.1.2.  The  Impact  of  Fabricius 

By  the  time  of  Fabricius  (1745-1808)  comparative  morphology  was 

already  a  well-established  field.  However,  unlike  previous  and  penecon- 

temporaneous  natural  philosophers,  Fabricius  emphasized  mouthpart 

structure  in  taxonomically  categorizing  insects  and  other  arthropods 

(Tuxen  1967).  He  divided  all  insects  into  "Kerfe  mit  bei[ss] enden 

Mundtheilen"  and  "Kerfe  mit  saugenden  Mundtheilen  (Burmeister  1832: 

667).  The  former  group,  mandibulates ,  in  turn  was  divided  into  a  group 

bearing  four  or  six  palpi  and  a  group  bearing  only  two  palpi.  Forms 

with  sucking  mouthparts  were  divided  into  proboscate  forms  with  a  spiral 

"tongue"  (lepidopterans) ,  forms  with  a  filtering  proboscis  (some 

hemipterans)  and  stylus -bearing  forms  (his  "setae,"  dipterans) .  Later, 

in  1799,  though  retaining  the  fundamental  division  between  mandibulate 

and  sucking  mouthparts,  he  modified  his  earlier  classification  by 

including  the  arachnid  chelicerae,  crustacean  maxillipeds  and  other 

arthropodan  mouthpart  structures  in  his  classification. 

While  Linneaus  singularly  emphasized  wings  and  Fabricius  did 

likewise  for  mouthparts  as  basic  characters  in  their  insect  taxonomies, 

such  approaches  were  often  considered  biased  (Lindroth  1973).  J.A. 

Scopoli,  for  example,  cautioned  against  exclusive  use  of  particular 

structures  or  structural  regions,  stating  that: 

Classes  [et]  genera  naturalia  non  sola  instrumenta 
ciburia,  non  solae  alae,  nec  solae  antennae  constituunt, 
sed  structura  totius  ac  cuiusque  vel  minimi  discriminis 
diligentissima  observatio  (Scopoli  1777:  401). 

This  was  a  general  criticism  of  Fabricius'  (1775)  classification 
of  insects.  However,  in  a  response  to  an  intellectual  disciple  of 
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Scopoli,  P.A.  Latreille  (1762-  1833),  Fabricius  proclaimed:  "mixta 
semper  chaos  praebent,"  maintaining  his  use  of  mouthparts  as  essential 
to  insect  classification  (Lindroth  1973).  Later,  Savigny  demonstrated 
that  all  major  mouthpart  elements  of  insects  are  fundamentally  homolo¬ 
gous  (Richards  1973),  thus  lending  credence  to  Fabricius'  system  of 
classification. 

Fabricius'  influence  on  mouthpart  structure  continued  in  classi- 
ficatory  systems  established  by  other  entomologists.  It  was  reflected 
in  the  formal  terms ,  "Mandibulata"  and  "Haustellata"  of  the  quinary 
system  of  MacLeay  (1821)  and  the  influential  system  of  Kirby  and  Spence 
(1826).  By  contrast,  Latreille's  (1832)  classification  integrated 
mouthpart  structure,  wings  and  metamorphosis,  of  which  metamorphosis  was 
considered  as  fundamental  by  Burmeister  in  the  early  1830 's  (Lindroth 
1973) .  (All  three  features  are  used  as  high-level  taxonomic  characters 
to  this  day.)  Attempts  by  Fabricius  to  use  mouthparts  at  lower  taxonom¬ 
ic  scales- -especially  the  generic  level- -proved  futile  because  of  their 
frequent  structural  similarity  in  otherwise  structurally  diverse  genera 
(Tuxen  1967).  Nevertheless,  his  insight  proved  refreshingly  modern: 

The  mouthparts  in  insects  differ  to  a  high  degree  and 
it  is  reasonable  that  they  mark  the  most  natural  genera, 
since  these  parts  must  be  built  up  according  to  the  nourish¬ 
ment  of  every  insect,  and  their  whole  biology  is  dependent 
on  their  nourishment  .  .  . 

Those  whose  nourishment  and  biology  are  the  same,  must 
then  also  belong  to  the  same  genus  (Fabricius  1790:  214; 
translated  from  the  Danish  by  Tuxen  [1967]). 

Eventually  mouthparts  became  supplanted  not  only  by  other  major 
structural  characters ,  especially  wings  and  type  of  metamorphosis ,  but 
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also  features  such  as  tarsal  formulae  and  ovipositor  structure  (for 
example,  see  ordinal  diagnoses  given  by  Richards  and  Davis  [1977]). 

This  shift  occurred  during  the  mid- 1800 's  and  was  already  evident  in 
Burmeister's  influential  Handbuch  der  Entomologie  (1832),  wherein  more 
recent  classificatory  systems  pursued  integrated  approaches. 

8.1.3.  Metcalf  and  Recent  Contributions 

A  hiatus  in  the  systematization  of  mouthpart  form  occurred  for 
almost  a  century.  When  mouthparts  were  mentioned,  they  were  either 
adjunct  to  taxonomic  studies  or  they  were  purely  descriptive  accounts  of 
particular,  often  economically  important  species.  However,  in  1929 
Metcalf  classified  insect  mouthparts,  focusing  on  their  modes  of  action 
and  general  role  in  crop  destruction.  Although  his  primary- level 
classification  was  based  on  functional  groupings,  secondary- level 
groupings  corresponded  closely  to  taxonomic  groupings .  In  a  1962 
revision  of  this  classification,  a  few  groupings  were  added,  although 
the  basic  outline  of  mouthpart  structure  remained  intact.  The  perspec¬ 
tive  of  Metcalf  and  (1929)  Metcalf  et  al.  (1962)  was  a  valuable  one, 
since  it  removed  mouthpart  structure  from  the  realm  of  phylogenetically 
related  groupings  (see  Table  6) .  They  established  not  only  that 
mouthpart  structure  need  not  be  necessarily  related  to  any  phylogenetic 
concepts  but,  more  importantly,  contributed  insight  into  the  role  of 
mouthpart  structure,  feeding  and  diet.  Thus,  the  integration  of 
mouthpart  structure  and  function,  and  aspects  of  feeding  and  diet,  was  a 
valuable  prerequisite  for  understanding  insect/environmental  interac¬ 
tions  independent  of  phylogenetically-based  taxonomic  membership. 
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TABLE  6 

HISTORY  OF  HEXAPOD  MOUTHPART  NOMENCLATURE 


author 

ha sis  of 
classification 

1  class: 

ricati»: 

1 

2 

3 

4 

5 

6 

Labandeira  1990 
(this  study) 

Horphological 

HANDIBULATE: 

entognathate 

HANDIBULATE: 

aonocondylate 

HANDIBULATE: 

adult 

ectognathate 

HANDIBULATE: 

larval 

ectognathate 

HANDIBULATE: 

aaxillo- 

labiate 

HANDIBULATE: 

raptorial 

ectognathate 

Clairviile  1798- 
1806;  Stephens 
1828 

aorphological; 
used  as  a  Foraal 
taxon 

HRvvvs?? 

VUUUUUU 

UUUUVUU 

VUVUVUVUV 

HANDIBULATA 

HetcalF  1929 

Nixed:  higher 
level  aorphologi¬ 
cal;  aiddle  level 
Functional;  1  otter 
level,  nhen  pre¬ 
sent.  taxonoaic 

VVVVUVVVUW 

\\\\\  ?  \U\\ 

vuvuvuvuv 

VVVUVWVVVVV 

vuvuvuvuv 

vuvuvuvuv 

VUVUVUVUV 
UVVV  ?  YUU 
VUUUUUU 
VUVUVUVUV 
VUVUVUVUV 
VUUUUUU 

HANDIBULATE  SERIES: 
chening  type 

Metcalf,  Flint  fc 
MetcaH  1962 

Nixed:  Functional 
at  higher  level; 
Functional  or 
loner  level 

CHEWING  TYPE 

[grinding  or  aasticatory  subtype; 
grasping  or  predaceous  subtype; 
brushing,  spatulate  or  scraping  subtype! 

Jaies  6  Harnood 
1969 

Nixed:  higher 
level  taxonoaic 
(defined  Functio¬ 
nally),  loner 
level  aorphologi¬ 
cal  tt  Functional 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUUUUUU 

VUUUUUU 

VUUUUUU 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

ORTHOPTERAN  TYPE: 

(biting  and  chening) 

Denis  6  Bitsch 
1973 

Nixed:  Functional 

at  higher  level; 
loner  level  aorp- 
hol.  t  taxonoaic 

VUUUUUU 

uuuuvuu 

VUUUUUU 

VUUUUUU 

APPAREIL  BUCCAL  BR3YEUR 

Borror,  Delong  6 
Triplehorn  1976 

Nixed:  aorpholo¬ 
gical  at  higher 
level;  taxonoaic 
at  loner  level 

VUUUUUU 

VUUUUUU 

VUUUUUU 

vuvuvuvuv 

vuwwwuu 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

HANDIBULATE 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

vvwvvuvvvu 

VUVUVUVUV 

HANDIBULATE 

Ross,  Ross  tc 

Ross  1982 

■ 

CHEHIW6  TYPE 

Chaudonneret 

H9B2-1989 

Functional- 
aorphological  at 
higher  level; 
taxonoaic  at 
loner  level 

PIECES 

BUCCALES 

BROYEUSES 

ENTQTROPHES 

PIECES 

BUCCALES 

BROYEUSES: 

Theae 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

VUVUVUVUV 

UVUUVUUV 

VUUUUUU 

PIECES 

BUCCALES 

PREflATRICES 

LABIALES: 

Cas  de  larves 
d'Cdonates 

Siith  1985 
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R.E.  Snodgrass  published  in  the  Smithsonian  Miscellaneous  Collec¬ 
tions  several  major  synopses  of  insect  mouthpart  structure,  illustrating 
the  variations  of  particular  functional  themes.  He  often  devoted 
lengthly  articles  to  the  mouthpart  structure,  for  example,  of  biting  and 
sucking  insects  of  medical  importance ,  fleas ,  mandibulate  arthropods , 
and  more  specialized  accounts  of  particular  insects  such  as  dragonfly 
larvae,  mosquitoes  and  the  honey  bee  (Snodgrass  1928,  1932,  1935,  1943, 
1944,  1950).  More  recently,  comprehensive  reviews  by  Matsuda  (1965), 
Denis  and  Bitsch  (1973)  and  Chaudonneret  (1982-1989)  have  presented  a 
summary  of  major  studies  of  mouthpart  structure,  presented  by  taxonomic 
order.  These  reviews  are  predominantly  descriptive,  focusing  more  on 
musculature  than  Snodgrass  did.  This  trend  was  altered  by  Smith  (1985) , 
who,  while  not  attempting  a  taxonomically  comprehensive  survey,  never¬ 
theless  inventoried  much  of  the  recent  functional -morphology  literature. 
He  discussed  the  mechanisms  of  operation  of  several  often  taxonomically 
convergent  mouthpart  types  as  functionally  unique  ways  to  secure 
particular  foods. 

8.1.4.  The  Confounding  of 
Structural ,  Functional  and 
Taxonomic  Terms  » 

The  history  of  the  recognition  of  mouthpart  groupings  has  been 
laden  with  use  of  three  distinct  types  of  terms:  structural  terms, 
functional  terms  and  taxonomic  terms .  These  terms  have  often  been 
employed  in  a  confusing  manner.  Frequently  they  substitute  indiscrim- 
inantly  for  each  other,  such  as  purely  descriptive,  structural  terms 
substituting  for  process-related  terms  that  describe  the  action  of 
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mouthparts ,  or  vice-versa.  Also,  formal  taxonomic  terms,  or  their 
common-name  synonyms,  have  been  used  to  characterize  adjectively 
particular  mouthpart  types.  Aristotle  used  a  structural  basis  for  his 
primary  divisions  of  mouthpart  type  (e.g.  "having  teeth"  versus  "having 
a  proboscis;"  but  separated  his  second  level  proboscate  forms  by  using 
functional  statements  regarding  the  mode  of  feeding  (Monge  1973) . 
Fabricius  (1775,  1799)  used  only  structural  terms  for  all  of  his  three 
hierarchical  levels  of  mouthpart  structure.  However,  MacLeay  (1819- 
1821) ,  Kirby  and  Spence  (1826)  and  Stephens  (1828)  elevated  the  common 
designations  of  mandibulate  and  haustellate,  to  formal,  supraordinal 
taxonomic  designations- - "Mandibulata"  and  "Haustellata" -  - to  which 
various  insect  orders  were  assigned.  Latreille  (1832),  by  contrast, 
devised  an  eclectic  system  of  using  many  kinds  of  insect  features,  using 
mouthpart  type  as  a  sixth- level  distinction  in  his  dichotomous  keys. 

This  muddling  of  terms  has  continued  to  the  present  day  (Table  6) . 
For  example,  the  butterfly  proboscis  has  been  termed  and  classified  as 
(i)  a  "lepidopteran-type"  mouthpart  by  James  and  Harwood  (1969),  a  taxo¬ 
nomic  term,  or  as  (ii)  a  "siphoning  tube"  by  Ross  et  al.  (1982),  a 
functional  statement,  and  as  (iii)  a  "haustellate"  type  of  mouthpart  by 
Borror  et  al.  (1976),  a  structural  descriptor.  As  will  be  shown,  there 
is  considerable  mouthpart  convergence  taxonomically ,  and  since  the  same 
functional  process  can  be  performed  by  more  than  one  structural  mouth¬ 
part  type  (or  vice-versa) ,  this  confusion  has  obscured  the  nominally 
clear  distinctions  that  should  be  made  among  mouthpart  structure, 
mouthpart  function  and  taxa  of  a  given  mouthpart  class .  For  this 
reason,  I  have  based  my  classification  of  mouthparts  as  much  as  possible 
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on  structural  criteria  (Sections  4.4,  5.1).  I  consider  ecologically- 
based  functional -feeding- groups  ( Cummins  and  Merritt  1984)  and  taxonomic 
membership  as  expressions  that  generally  do  not  correspond  directly  to 
particular  structurally-based  mouthpart  groupings. 

It  is  in  this  context  that  I  propose  a  standardization  of  termi¬ 
nology  for  designating  various  projecting,  food-reaching  mouthpart 
organs  of  the  insect  head  (Table  7).  Although  historically  some  of 
these  proposed  terms  have  been  applied  to  particular  insect  mouthpart 
ensembles  and  have  been  used  with  some  degree  of  constancy,  many  have 
not.  Confusion  should  be  eliminated  regarding  general  names  that  are 
used  indiscriminately  to  refer  to  various  insect  trophic  organs  among 
several  major  insect  clades,  and  specific  terms  restricted  to  the 
trophic  organs  of  narrowly- defined  clades. 

The  more  important  emendations  are  the  following:  (i)  that  the 
term  proboscis  be  restricted  to  the  mouthparts  of  dipterans  and  siphona- 
pterans;  (ii)  that  mecopteran  and  convergent  mouthparts  be  designated  as 
a  rostrum  and  curculionoid  mouthparts  be  considered  a  snout ;  (iii)  that 
the  term  haustellum  refer  to  any  ensheathed  stylate  mouthpart  type,  thus 
necessitating  the  term  haustorium  as  a  name  for  the  proboscis  of  adult 
trichopterans  and  closely  convergent  mouthparts  from  a  few  other  clades; 

(iv)  that  the  term  glossate  be  applied  only  to  the  characteristic, 
glossa-bearing  mouthparts  of  certain  adult  aculeate  hymenopterans ;  and 

(v)  that  the  term  siphonate  refer  to  any  galeal  or  labial  structure  that 
forms  a  tubular  structure  for  fluid  uptake.  (See  Table  7  for  additional 
details . ) 
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TABLE  7 


STANDARDIZED  NAMES  USED  FOR  PROJECTING,  FOOD-REACHING  ORGANS  DESCRIBED  IN  THIS 

STUDY 


mouthpart 

name  for  projecting, 

m 

common  members 

food-reaching  moan* 

8. 

Rostrate 

scorpionflies;  lacewings 

rostrum 

9. 

Rhynchophorate 

weevils 

snout 

17. 

Haustoriate 

caddisflies 

haustorium  (not  'haustellum' 

of  other  authors) 

18. 

Labellate 

cydorrhaphan  flies,  some 

tabeOum 

nematoceran  and  brachyceran 

flies 

19. 

Siphonate 

moths,  skippers,  butterflies 

spui 

20. 

Siphonomandibulate 

blister  beetles,  wedge-shaped 

s|fan 

beetles 

21. 

Glossate 

bees,  vespid  wasps,  spoon¬ 

glossa,  tongue 

wing  lacewings 

24. 

Segmented  Beak 

cicadas,  hoppers,  psyllids, 

beak 

aphids,  whiteflies,  bugs 

25. 

Buccal  Cone 

sucking  lice,  elephant  louse 

buccal  cone,  labial  cone 

26. 

Mouthcone 

thrips 

mouftcone 

27. 

Mono sty late/ 

robber  flies,  dance  flies, 

proboscis 

Distylate 

bee  flies 

28. 

Distylate/ 

wood  gnats,  snipe  flies,  mydas 

proboscis 

Tetrastylate 

flies,  stiletto  flies 

29. 

Hezastylate 

mosquitoes,  moth  flies,  biting 

proboscis,  fasicle, 

midges,  horse  flies 

syntrophium 

30. 

Tristylate 

fleas 

profrpyfe 

31. 

Tubulostylate 

tse-tse  flies,  louse  flies, 

proboscis 

bat  flies,  sheep  keds 

32. 

Siphonostylate 

noctuid  moths 

— «— « - 

syrai 

"Boldfaced  designations  are  preferred  and  used  in  this  study. 
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8.2.  Nomenclature  and  Documentation 
of  the  Derived  Groups 

In  the  classification  of  insect  mouthparts  that  follows,  I  have 
established  and  named  two  hierarchical  levels.  They  are  the  more 
inclusive,  or  primary  groups  termed  series  and  the  more  restrictive,  or 
secondary,  groups  termed  classes.  The  term  "series"  was  established  by 
Metcalf  (1929)  for  two  major  mouthpart  groups- -hausellates  and  mandibu- 
lates,  although  it  was  abandoned  in  subsequent  treatments  (see  Metcalf 
et  al.  1962,  James  and  Harwood  1969).  For  Metcalf,  a  series  encompassed 
groups  of  mouthpart  types  that  share  a  fundamental  structural  organiza¬ 
tion.  Similarly,  I  am  using  the  term  class  as  a  collection  of  mouthpart 
types  that  share  a  less  fundamental  feature  or  features  and  have 
membership  in  a  particular  series . 

In  this  study  a  series  is  conceived  as  a  basic  head/mouthpart 
body-plan,  characterized  by  structural  similarities  at  the  grossest  of 
scales .  Thus  a  series  represents  from  one  to  13  mouthpart  classes  that 
are  sufficiently  similar  that  the  series,  in  effect,  is  characterized  a 
posteriori  by  a  unifying  gross  mouthpart  morphology  (see  usage  by 
Metcalf  1929) .  I  have  established  mouthpart  series  to  make  general 
structural  sense  of  the  diverse  assemblage  of  mouthpart  classes  and  thus 
have  grouped  the  34  mouthpart  classes  into  eight  mouthpart  series. 
Mouthpart  series  are  generally  revealed  in  the  overall  mouthpart  class 
dendrogram  of  Fig.  28,  but  the  correspondences  to  mouthpart  classes  are 
not  exact  for  all  series  since  series  were  independently  established  to 
accomodate  mouthpart  classes  based  on  the  presence  of  common  structural 
themes . 
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The  term  "class"  is  operative  at  a  lower  level  of  morphological 
analysis  and  refers  to  major  variations  of  mouthpart  structure  within 
the  data-set.  Differences  among  mouthpart  classes  within  a  series 
reflect  significant  modifications  of  the  already  established,  major 
mouthpart  structures,  rather  than  radical  change  of  the  major  mouthpart 
structures  themselves.  (Thus,  mandible -bearing,  filter- feeding  dipteran 
larvae  and  silk-spinning  panorpoid  larvae  both  belong  to  a  mandibulate 
series  but  are  clearly  differentiated  from  various  stylet-bearing 
classes  of  another  mouthpart  series,  such  as  the  stylate-haustellate 
series ,  which  bears  dramatically  rearranged  mouthpart  elements  for 
piercing  tissue.  Table  5  presents  a  synopsis  of  the  mouthpart  series 
and  classes  resulting  from  this  study. 

I  have  applied  those  names  to  mouthpart  classes  that  best  describe 
or  characterize  an  important  or  otherwise  prominent  structure  or  group 
of  structures  present  in  all  members  of  that  class.  In  some  instances 
preference  was  given  to  terms  previously  used  in  the  literature  that 
refer  to  particular  mouthpart  types--e.g.  "mortar-and-pestle"  and 
"glossate."  In  other  instances  new  terms  were  chosen  to  designate 
mouthpart  types  that  either  had  a  terminologically  unacceptable  prior 
name  (hence  substitution  of  "haustorium"  for  "haustellum"  in  forms  with 
sponging  hypopharynges) ,  or  had  no  previous  designation  (e.g.  "seric- 
terate,"  "siphonomandibulate , "  and  "tubulostylate") . 

Geochronologic  age  information  for  fossil  forms  were  based  on  the 
currently  most  acceptable  stage- level  interval  encompassing  the  fossil 
forms.  I  am  using  a  number,  boldfaced  in  brackets,  to  refer  to  the 
specific  insect  deposits  to  which  reference  is  made.  These  numbers 
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refer  to  the  Fossil-Insect  Locality  Register  provided  as  Appendix  E. 
Associated  with  discussions  of  the  geochronology  of  mouthpart  classes 
are  cladograms  depicting  corroborated  current  hypotheses  for  the 
relationships  of  taxa  within  a  mouthpart  class .  Superimposed  on  these 
cladograms  are  fossil  occurrences  of  those  lineages  with  fossil  records. 
These  occurrences  are  from  the  localities  provided  in  Appendix  E  and  the 
taxa  and  taxa  reference  sources  for  each  occurrence  is  provided  in 
Appendix  F.  Absolute  ages  are  from  Harland  et  al.  (1982). 

I  have  included  for  each  mouthpart-class  an  overview  (e.g.  Fig. 

29)  detailing  (i)  a  lateral  profile  drawing  of  a  representative  taxon 
illustrating  the  mouthpart  class,  (ii)  a  general  taxonomic  list  of  the 
members  of  the  mouthpart  class,  (iii)  geochrono logic  range  of  the 
mouthpart  class,  and  a  pie-charts  detailing  the  distribution  of  (iv) 
functional  feeding  groups  and  (v)  diets  of  members  of  the  mouthpart. 
class.  Drawings  accompanying  the  mouthpart  class  descriptions  illus¬ 
trate  the  general  form  and  some  important  character- states  of  mouthparts 
and  heads  mentioned  in  the  text.  These  illustrations  are  meant  to 
depict  species  typical  of  their  respective  mouthpart  class .  The 
drawings  are  from  taxa  described  from  the  data-set  in  Appendix  B  and  are 
provided  with  data-entry  numbers  corresponding  to  Appendices  B  and  C. 
Data  from  which  functional -feeding- group  and  dietary  data  are  derived 
from  Appendix  B,  under  the  heading,  "Dietary  Data."  Lastly,  I  have 
provided  a  dendrogram  exhibiting  the  clustering  relationships  among 
members  for  each  mouthpart  class.  The  relationships  of  these  dendro¬ 
grams  of  mouthpart  classes  to  each  other  is  provided  in  a  master 
dendrogram  is  given  in  Fig.  28. 
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8.3.  Mandibulate  Series 
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8.3.1.  General  Features 
of  the  Handibulate  Series 

General  Structure.  Mouthparts  of  the  Mandibulate  Series 
are  distinguished  by  presence  of  three  pairs  of  gnathal  segments: 
mandibles,  maxilla  and  a  labium.  Mandibles  and  maxillae  work  as 
nonstyliform,  paired  elements  or  groups  of  elements  that  purchase, 
manipulate  and  comminute  food.  Mandibular  and  maxillary  movement  is 
overwhelmingly  dominated  by  adduction  and  abduction;  limited  "protrac¬ 
tion"  can  occur  in  entognathates .  An  unpaired  labium  serves  as  a  lower 
"lip"  that  is  complemented  by  the  similarly  unpaired  lab rum,  or  upper 
"lip"  to  assist  packing  and  transportation  of  food  orally.  The  suction 
mechanism  for  food  ingestion  is  a  pharyngeal  pump,  rarely  a  clypeal 
pump.  The  epipharynx  and  hypopharynx  is  usually  well -developed,  serving 
as  a  gustatory  organ  with  mechano-  and  chemosensilla;  however,  other 
roles,  such  as  filtering  or  silk-production,  occur  in  a  few  classes. 
Other  sensory  functions  are  provided  by  paired  and  unpaired  gnathal 
processes  and  appendages .  Ancillary  cephalic  sensory  structures  include 
almost  always  a  well -developed  compound  eye  or  larval  stemmata,  often 
ocelli  and  variously  developed,  generalized  antennae  receptive  to 
diverse  sensory  imputs. 

The  key  feature  of  the  Mandibulate  Series  is  presence  of  an 
adducting  and  abducting  mandible  involved  in  food  acquisition  dominantly 
by  biting  (the  commonest  mode)  or  some  alteration  thereof.  In  rhyncho - 
phorates  this  key  feature  is  modified  into  boring,  accompanied  by 
rotation  of  the  transverse  adduction/abduction  plane  90  degrees  from  the 
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sagittal  axis.  In  Pectinate,  Mouthbrush  and  Mandibulobrustiate  forms, 
setal  combs  replace  mandibular  teeth  as  the  principal  site  of  securing 
food.  Modifications  allowing  for  these  and  other  varied  modes  of  food 
acquisition  are  structural  changes  in  mandible  shape,  dentition  and 
vestiture,  which  are  complemented  by  similar  changes  in  other  mouth- 
parts,  particularly  the  maxilla  and  labium.  Structural  co-optation  of 
elements  between  or  among  mouthpart  regions  is  absent;  however,  func¬ 
tional  co-ordination  of  movement  of  elements  within  or  among  regions  is 
highly  developed. 

Included  Classes.  Subdivisions  of  the  Mandibulate  Series  are  the 
Entognathate ,  Monocondylate ,  Adult  Ectognathate ,  Larval  Ectognathate , 
Maxillolabiate ,  Raptorial  Ectognathate,  Mortar-and-Pestle ,  Rostrate, 
Rhynchophorate ,  Pectinate,  Mouthbrush,  Mandibulobrustiate  and  Seric- 
terate  Classes.  (See  Table  5  for  taxal  membership,  life-stages  and 
number  of  taxa  examined  for  each  mouthpart  class.) 

Diversity  and  Other  Distributional  Patterns.  The  Mandibulate 
Series  represents  the  greatest  number  of  mouthpart  classes  (the  Stylate- 
Haustellate  Series  contains  nine  classes,  compared  to  the  13  of  the 
Mandibulate  Series) .  Since  this  series  comprises  virtually  all  ortho - 
pteroid  forms,  most  larval  and  adult  coleopterans  and  many  of  the 
remaining  holometabolous  larvae,  it  is  the  most  abundant  and  diverse 
series  in  terms  of  species.  Notably,  most  of  these  taxa  reside  in  the 
Adult  Ectognathate  Class.  All  taxonomic  orders,  except  advanced 
hemipteroids  (thysanopterans ,  anoplurans,  homopterans  and  heteropterans) 
are  represented  as  a  immature,  adult,  or  both.  This  mouthpart  series  is 
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the  only  one  that  is  dominated  by  solid- food  consumption;  less  commonly 
particulate  matter  is  taken,  especially  in  aquatic  classes.  Notably, 
four ,  or  30% ,  of  the  mouthpart  classes  in  this  series ,  are  obligately 
associated  with  immature  forms  occurring  in  fully  aquatic  habitats. 

Although  typically  associated  with  biting-and-chewing  forms,  many 
entognathates ,  adult-ectognathates  and  rhynchophorates ,  particularly 
cucujoid  beetles,  have  important  roles  in  the  pollination  of  flowering 
plants .  These  members  are  floricolous  species  pollinating  flowers  of 
the  cantharophilous  pollination  syndrome  (Faegri  and  van  der  Pijl  1980). 
Cantharophilous  flowers  are  characterized  by  large,  bowl-shaped  corollas 
with  few  visual  attractants  and  by  easily  accessible  pollen,  nectar  and 
sexual  organs.  These  mandibulate,  predominately  "mess-and-soil" 
pollinators  (Faegri  and  van  der  Pijl  1980)  accomplish  their  task  by 
consuming  portions  of  the  sexual  organs  and  external  floral  appendages 
in  return  for  transportation  of  pollen  to  conspecif ic  flowers .  This  is 
in  distinct  contrast  to  members  of  the  labellate,  siphonate  and  glossate 
classes ,  wherein  nectar  or  pollen  is  consumed  with  minimal  damage  to 
floral  structure. 

Major  Structural  Variations.  There  are  four  major  modifications 
of  stereotyped  biting-and-chewing  mouthparts  within  the  Mandibulate 
Series.  First,  in  rostrates,  hyp o gnathous  prolongation  of  the  head  into 
a  beak  with  basally- originating  mouthparts,  in  conjunction  with  a 
powerful  clypeal  pump,  has  resulted  in  the  ability  to  feed  on  fluidized 
tissue,  especially  carrion.  Second,  in  rhynchophorates ,  there  is 
prognathous  prolongation  of  the  head  capsule  into  a  snout  that  bears 
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terminal  mouthparts  for  boring  indurated  tissue.  Thirdly,  pectinate, 
mouthbrush  and  mandibulobrustiate  forms  have  deployed  mouthpart- associ¬ 
ated  tracts  of  spines,  setae,  hairs  and  bristles  into  particle -capturing 
organs.  Movements  of  these  mouthparts  are  co-ordinated  to  induce 
incurrent  and  excurrent  water  flow  for  efficient  capture  of  particulate 
food.  Lastly  the  Sericterate  Class  has  modified  the  the  labium  and 
hypopharynx  into  a  spinneret  while  maintaining  the  generalized  mouth¬ 
parts  of  holometabolous  larvae  as  an  efficient  system  for  chewing 
externally  and  internally  vascular  plant  organs.  The  remaining  mouth- 
part  classes  are  less  modified  than  the  three  generalized  classes --the 
Entognathate ,  Monocondylate  and  Adult -Ectognathate  Classes --and  involve 
less  dramatic  head  and  mouthpart  restructuring. 

Geochronologic  Range.  The  solid-food-associated  Mandibulate 
Series  is  the  structural  progenitor  of  other  mouthpart  series.  These 
structurally  derived  mouthpart  series  are  predominately  liquid- feeders 
or,  less  commonly,  small -particle  feeders.  The  earliest  known  aptery- 
gote  insects  are  of  Early  and  Middle  Devonian  age  (Shear  et  al.  1984, 
Labandeira  et  al.  1988)  and  were  members  of  the  Entognathate  Class.  The 
first  appearance  of  pterygotes  during  the  Namurian  Stage  of  the  Lower 
Pennsylvanian  (Carpenter  and  Burnham  1985)  already  displayed  well- 
developed  mandibulate  mouthparts  assignable  to  the  Adult  Ectognathate 
Class.  The  Mandibulate  Series  has  been  dominant  at  least  since  the 
Middle  Permian,  during  the  radiation  of  several  generalized,  biting-and- 
chewing  holometabolous  orders  (Smart  1963;  Hennig  1981)  and  later  diver¬ 
sified  during  the  Mesozoic  radiation  of  coleopterans  (Crowson  1981) . 
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8.3.2.  Entognathate  Class 
(Class  1) 

Description.  Head  spheroidal,  nonprotractile ;  proboscis  absent. 

Genae  well -developed  or  absent;  gula  well-  to  minimally- developed. 

Antennae  filiform  or  less  commonly  moniliform  or  papillate;  ocellar 
structures  numerous  or  absent;  compound  eyes  moderately  developed  and 
dichoptic,  or  absent.  Mouthparts  mandibulate,  entognathous ,  mostly 
forwardly- directed,  symmetrical  and  nonretractile ;  food  pump  clypeo- 
labral  or  not  evident. 

Clypeus  generally  transversely  elongate  and  undivided,  rarely 
otherwise.  Labrum  quadrate,  undivided,  and  margin  straight  to  shallowly 
curvilinear.  Hypopharynx  lingulate  or  less  often  bilobed  with  super¬ 
lingulae;  epipharynx  generally  membranous.  Mandibles  monocondylic ; 
incisiform  with  or  without  a  molar  region;  musculation  of  abduction/ 
adduction.  Maxillae  with  main-body  of  two  sclerites;  stipes  elongate  to 
rodlike;  bearing  galea,  lacinia  and  palp,  or  apalpate  and  bearing 
laciniae  and  galeae  only  or  laciniae  only.  Maxillary  palp,  when 
present,  generally  papillate  or  mucronate,  1-  to  3-segmented;  mostly 
short  in  length.  Galeae  a  generalized  lobe;  laciniae  variously  modi¬ 
fied.  Labrum  with  elongate  or  equant,  subdivided  main-body;  bearing  * 

glossae  or  a  ligula,  rarely  with  palps.  Labial  palp  1-segmented, 
papillate  and  short,  or  more  commonly  absent.  Glossae  setate  or 
generalized;  paraglossae  absent,  or  when  rarely  present,  generalized. 
Interregional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  Several  unique  structural  developments  are 
jointly  restricted  to  entognathates .  These  key  phenocharacters  include 
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(i)  a  ventral  cephalic  sac  housing  externally  inconspicuous  mouthparts, 

(ii)  a  unique  hypopharyngeal  and  maxillary  mechanism  that  is  protracted 
and  retracted  by  elongate  and  articulatory  rods  and  (iii)  small  body 
size.  Mandibular  monocondyly  is  associated  with  entognathates ,  but  also 
occurs  in  monocondylates  and  stylate-entognathates .  Although  some  of 
these  features,  particularly  entognathy  and  mandibular  monocondyly, 
appear  in  a  few  pterygote  groups,  they  are  nevertheless  acquisitions  for 
very  different  mouthpart  structures  and  feeding  mechanisms . 

Diversity  and  Natural  History.  Entognathates  are  collembolans 
(neanurids  excluded)  and  diplurans.  They  play  a  salient  role  in  the 
microarthropod  fauna  inhabiting  litter,  soil  and  wood  by  breaking  down 
plant  material  and  feeding  on  fungi.  Their  diet  consists  of  varied 
plant,  animal  and  fungal  detritus  (Fig.  29).  Both  immatures  and  adults 
comprise  this  group.  When  compared  to  other  mouthpart  classes,  ento¬ 
gnathates  are  taxonomically  minor,  comprising  an  estimated  0.8%  of 
extant  species  (Table  5,  Fig.  131).  Although  unimportant  in  terms  of 
taxonomic  diversity,  some  species  of  collembolans  are  some  of  the  most 
abundant  hexapods  known  and  can  occur  in  extremely  high  densities  in  the 
litter  and  upper  topsoil  fauna  (Little  1983).  They  constitute  a  major 
portion  of  the  biomass  responsible  for  degradation  of  litter  into  humus 
in  various  nonarid  environments  (Little  1983)  and  probably  are  the 
principal  consumers  of  edaphic  fungi  in  some  mesic  regions  (Moore  1988) . 

Structural  Themes.  Three  major  themes  are  evident  within  ento- 
gnathate  mouthparts,  as  indicated  by  the  subclustering  patterns  in  Fig. 
30.  An  analysis  of  the  variables  in  the  data-set  reveals  that  16 
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FIGURE  29.  Overview  of  the  Entognathate  Mouthpart  Class,  a,  Campodea 
chardardi  Cond6  (Diplura:  Campodeidae,  data-set  no.  12),  after 
Francois  (1970);  b,  taxonomic  distribution,  number  of  taxa  examined 
and  geochronologic  range;  c,  functional -feeding- groups ;  d,  dietary 
spectrum. 
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characters  contribute  disproportionately  to  subcluster  formation.  These 
characters  are  distributed  over  all  nine  mouthpart  regions,  but  over¬ 
whelmingly  emphasize  mandibular  and  labial  differences. 

In  Fig.  30  the  three  subclusters  can  be  viewed  from  left  to  right. 
Subcluster  1  consists  of  six  collembolan  species  (bracketed  by  data-set 
nos.  4  to  11  in  Fig.  30).  This  subcluster  consists  of  hypogasturoid, 
entomobryoid,  anurid  neoarthropleonan  and  sympleonan  collembolans 
exhibiting  entognathate  mouthparts  specialized  for  chewing.  Subcluster 
2  consists  of  three  dipluran  taxa  (data-set  nos.  12  to  14)  that  are 
characterized  by  the  absence  of  eyes  and  presence  of  labial  palps , 
unlike  Subcluster  1.  Subcluster  3  is  a  specialized  anurid  collembolan, 
Brachystomella  parvula  (taxon  8) ,  that  lacks  mandibles  and  maxillary 
palps,  unlike  Subclusters  1  and  2.  Apparently  mouthpart  structure  in 
the  Anuridae  is  quite  plastic  since  another  confamilial  is  a  piercer - 
and- sucker  and  a  member  of  the  Entognathous-Stylate  mouthpart  class 
(Section  8.8.2). 

Geochronologic  History.  Entognathates  have  one  of  the  earliest 
documented  occurrences  in  the  fossil  record  of  any  mouthpart  class  (Fig. 
31).  On  comparative  morphological,  embryological  and  paleontological 
grounds ,  there  is  no  reason  to  believe  that  they  are  preceded  in  the 
fossil  record  by  any  of  the  other  34  mouthpart  classes,  except  possibly 
for  the  entognathous-stylates  (see  Section  8.8.2).  Their  earliest 
occurrence  is  a  mouthpart-bearing  collembolan  Rhyniella  praecursor  Hirst 
and  Maulik  1926  from  the  Lower  Devonian  Rhynie  Chert  of  Scotland  [104] 
(Hirst  and  Maulik  1926,  Whalley  and  Jarzembowski  1981,  Greenslade  1988) 
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FIGURE  30.  Cluster  analysis  dendrogram  of  taxa  comprising  the  ento- 
gnathate  Mouthpart  Class.  -See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes. 
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(Fig.  31) .  A  relatively  large  entognathate  is  known  from  the  Carbonif¬ 
erous  of  Illinois  [96]  (KukalovA-Peck  1987)  the  earliest  known  dipluran. 
Other  notable  fossil  entognathates  include  the  earliest  occurrence  of  an 
arthropleonan  collembolan,  an  entomobryid  from  the  Lower  Permian  of 
South  Africa  (Riek  1976)  and  the  earliest  know©  symphypleonan  collem- 
bolans,  consisting  of  about  a  dozen  species  found  in  Baltic  amber  [19] 
(Handschin  1926a,  1926b,  1926c;  Crowson  et  al.  1967;  Larsson  1978). 

Previous  Designations.  Entognathous  mouthparts  are  a  relatively 
recent  concept.  They  were  first  seriously  discussed  as  a  unique 
mouthpart  type  as  the  "entognathy"  of  Manton  (1964,  1977,  1979)  and  the 
entognathie  of  Denis  and  Bitsch  (1973)  .  They  were  not  mentioned  by 
Metcalf  (1929),  Metcalf  et  al.  (1962),  or  Smith  (1985);  however, 
Snodgrass  (1952)  and  Matsuda  (1965)  provided  cursory  discussions  of 
entognathy.  Traditionally,  in  major  text-books  entognathates  have  been 
considered  as  a  subtype  of  "mandibulate"  mouthparts,  usually  without  any 
discussion  of  the  special  features  of  entognathate  stylets  (e.g.  James 
and  Harwood  1969,  Borror  et  al.  1976,  Ross  et  al.  1982).  (See  Table  6 
for  details.) 

Because  collembolans  and  diplurans  of  this  mouthpart  class 
represent  the  stereotypical  entognathate  condition,  I  am  using  the  term 
entognathate  as  a  designation  for  the  mouthpart  class  discussed  in  this 
section. 

Review  of  Literature.  Literature  on  the  mouthpart  structure  and 
diet  of  the  Entognathate  Class  is  scant  and  most  of  it  is  old.  Folsom 
(1899,  1900),  Hoffman  (1905,  1908,  1911),  Bitsch  (1928)  and  Silvestri 
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FIGURE  31.  Geochronologic  history  of  the  Entognathate  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Schaller  (1970), 
Kristensen  (1981),  KukalovA-Peck  1987  and  Labandeira,  Beall  and 
Huber,  in  prep.  The  taxonomic  level  of  analysis  is  the  suborder 
and  family.  The  outgroup  is  Myriapoda.  These  fossil  occurrences  are 
not  necessarily  a  complete  inventory  of  all  documented  fossil  members 
of  this  mouthpart  class . 
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(1933)  were  the  first  major  researchers  to  describe  entognathate 
mouthpart  structure  systematically  in  monographic  form.  Later,  Jean- 
nenot  (1956),  Schuller  and  Wolter  (1963),  Manton  (1964,  1977,  1979)  and 
Goto  (1972),  among  others,  described  the  mouthpart  structure  of  certain 
entognathate  species,  often  emphasizing  function  as  a  way  of  making 
sense  of  complex  mouthpart  structure. 

8.3.3.  Monocondylate  Class 
(Class  2) 

Description.  Head  quadrate,  with  a  short  proboscis  and  anterior 
prothoracic  margin  enveloping  the  dorsal  head  region.  Genae  moderately- 
to  well -developed;  gula  absent.  Antennae  setaceous;  ocelli  3  or  absent; 
compound  eyes  expansive  and  holoptic .  Mouthparts  hypognathous ,  mandibu- 
late,  symmetrical  and  nonretractile. 

Clypeus  quadrate,  single.  Labium  quadrate,  single;  margin 
straight  to  curvilinear.  Hypopharynx  trilobed;  epipharynx  generally 
forming  ventral  part  of  food  pump,  bearing  a  prelabral  gutter.  Mandi¬ 
bles  monocondylic ;  molariform  or  incisiform;  musculation  of  adduction/ 
abduction.  Maxillae  with  galeae,  laciniae  and  palpi.  Maxillary  palpus 
long,  mucronate,  with  more  than  6  segments.  Galeae  generalized  and 
lobate;  laciniae  generally  bearing  spinose  processes  or  setae.  Labium 
vertically  elongated,  with  3  basal  segments  and  a  full  complement  of 
glossae,  paraglossae  and  palps.  Labial  palps  clavate  to  mucronate, 
intermediate  in  length  and  composed  of  4  or  more  segments .  Glossae 
subdivided  into  two  generalized  lobes;  paraglossae  spatulate.  Interre¬ 
gional  co-optation  of  mouthpart  elements  absent. 
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Key  Phenocharacters .  Monocondylate  mouthparts  and  head  structure 
is  unique  within  hexapods  (Fig.  33)  and  is  characterized  by  a  combina¬ 
tion  of  ectognathous  mouthpart  placement  and  mandibular  monocondyly.  In 
addition,  the  mandibles  are  elongate  but  not  sty late  and  the  hypopharynx 
is  trilobed.  The  labial  and  maxillary  palps  have  supernumerary  segments 
when  compared  to  other  mandibulate  mouthpart  classes  and  the  maxillary 
palps  are  leglike.  Each  glossa  is  uniquely  divided  into  two  general 
lobes.  Lastly  the  dorsal  cranial  region  is  covered  by  a  shield- like 
extension  of  the  anterior  prothorax. 

Monocondylates  can  only  be  confused  with  entognathates  (Section 
8.3.2)  or  adult-ectognathates  (Section  8.3.4).  Monocondylates  differ 
from  entognathates  by  possession  of  ectognathous  rather  than  ento- 
gnathous  mouthparts,  a  long,  leglike  maxillary  palp  and  subdivided 
glossae.  Monocondylates  are  differentiated  from  adult-ectognathates  by 
the  presence  of  monocondylous  instead  of  dicondylous  mandibles ,  supernu¬ 
merary  maxillary  and  labial  palp  segmentation  and  a  consistently 
trilobed  hypopharynx.  Additionally  there  are  major  differences  in  the 
construction  of  the  cephalic  endoskeleton  (tentorium)  among  the  three 
groups  (Lauterbach  1972) . 

Diversity  and  Natural  History.  Members  of  the  Monocondylate 
Mouthpart  Class  are  diminutive,  inconspicuous  inhabitants  of  ground 
surface  litter,  interstices  in  upper  soil  strata  and  rocky  areas  of 
several  aquatic  habitats .  These  habitats  notably  include  the  rocky 
supralittoral  zone  surrounding  most  oceans  of  the  world  (Delaney  1954, 
1959,  1960),  scree  areas  of  temperate  mountains  and  highlands 
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(Janetschek  1954,  1955)  and  innundation-  and  dryland- forests  of  the 
Amazon  Basin  (Sturm  1984,  Adis  and  Sturm  1987).  Undoubtedly  further 
studies  of  monocondylates  in  other  regions  of  the  world  will  document  a 
broader  ecological  distribution.  Monocondylates  consist  entirely  of 
members  of  the  Order  Archaeognatha  (bristletails) ,  which  translates  to  a 
diversity  of  two  families,  50  genera  and  414  described  species  (Appendix 
D)  and  a  rank-ordering  of  33  out  of  34  mouthpart  classes  (Table  5,  Fig. 
131).  Of  the  two  families,  the  Meinertellidae  are  centered  in  the  Indo- 
Malayan  and  Australian  regions ,  with  a  strong  secondary  center  in  South 
America  (Sturm  1984,  Kaplan  1985)  and  the  more  temperate  occurring 
Machilidae  are  centered  in  the  Holarctic  Region  (Kaplan  1985) .  Appar¬ 
ently  several  species  are  parthenogenic  (Wygodzinsky  and  Schmidt  1980) . 

Although  generally  considered  detritivores  (Wygodzinsky  1944) , 
monocondylates  consume  a  wide  spectrum  of  live  and  dead  foods  as  a  group 
(Fig.  32).  According  to  Willem  (1924),  Petrobius  maritimus  (Leach) 
consumes  algal  fragments  of  Fucus ,  Ulva ,  Laminaria,  assorted  chloro- 
phytes  and  Pleurococcus .  Delany  (1954)  found  the  conjugate  alga 
Zygogonium,  the  byrophyte  Sphagnum  and  various  unidentified  angiosperm 
remains  in  the  gut  of  Dilta  littoralis  (Womersley) .  For  Petrobius 
brevistylis  Carpenter  and  P.  maritimus  Delany  (1959)  assigned  their 
diets  to  scavenging  and  herbivory,  to  which  Little  (1983)  added  unicel¬ 
lular  algae,  lichens  and  mosses  (cf.  Willem  [1924]  above).  Wygodzinsky 
(1944)  summarized  the  diet  of  Brazilian  machilids  as  consisting  of 
dominately  cryptogams  (fungi,  algae  and  lichens) ,  fragments  of  phanero¬ 
gams,  Pleurococcus  and  significant  mineral  matter.  Although  Eisenbeis 
and  Wichard  (1987)  state  that  machilids  feed  on  algae  and  lichens,  it  is 
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FIGURE  32.  Overview  of  the  Monocondylate  Mouthpart  Class,  a,  Machilis 
sp.  (Archaeognatha:  Machilidae,  data-set  no.  15),  after  Snodgrass 
(1928)  and  Bitsch  (1956);  b,  taxonomic  distribution,  number  of  taxa 
examined  and  geochronologic  range;  c:  functional -feeding- group ;  d: 
•dietary  spectrum. 
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clear  that  as  a  group  the  diet  of  monocondylates  is  best  characterized 
as  detritivorous ,  opportunistic  and  eclectic  for  most  species.  This 
general  detritivorous  feeding  guild  is  exemplified  by  the  mouthpart 
structure  of  monocondylates,  which  are  characterized  by  weak,  milling 
mandibles  incapable  of  powerful  abduction,  and  palpiform,  often  subseg¬ 
mented,  fleshy  exites  and  endites  of  the  maxilla  and  labium.  These 
structures  are  designed  to  handle  soft  and  digestible  food  that  requires 
minimal  preparation  prior  to  consumption.  Machilids  are  heavily  preyed 
upon  by  arachnids  (Wygodzinsky  1944,  Delany  1959). 

Environments  preferred  by  monocondylates  have  high  humidities, 
such  as  30  to  60%  for  four  machilid  species  studied  by  Sturm  (1955)  and, 
70  to  85%  for  archaeognathans  in  general  (Little  1983) .  Apparently 
archaeognathans  do  not  drink  water  but  can  regulate  water  balance  by 
uptake  from  paired,  eversible  abdominal  vesicles  (Smith  1970,  Little 
1983).  Archaeognathans  are  nocturnal  and  are  well-sighted  since  they 
have  the  most  well -developed,  massive  compound  eyes  of  any  known 
flightless  hexapod.  While  a  peculiar  sense  organ  on  the  second  segment 
of  the  maxillary  palp  is  of  unknown  function  (Evans  1928) ,  a  distinctive 
papillate  sensory  complex  on  the  labial  palp  is  interpreted  as  a  contact 
chemoreceptor  (Eisenbeis  and  Wichard  1987).  The  often  noted  habit  of 
"jumping"  by  archaeognathans  is  accomplished  by  extension  of  the  ninth 
abdominal  styli  (Eisenbeis  and  Wichard  1987) ;  these  styli  have  also  been 
interpreted  as  supportive  skids  on  which  the  abdomen  rests  (Smith  1970) . 

Structural  Themes .  No  structural  themes  are  evident  within  the 
structurally  well- integrated  Monocondylate  Mouthpart  Class  (Fig.  33). 
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FIGURE  33.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Mono- 
condylate  Mouthapart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes . 
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Geochronologic  History.  Monocondylates  are  geochronologically  the 
oldest  mouthpart  class  of  insects  and  probably  originated  during  the 
Late  Silurian  sometime  before  their  first  occurrence  as  fossils  from  the 
Early  Devonian  of  Qudbec  [103]  (Labandeira  et  al.  1988,  Shear  1990). 
Phylogenetic  and  other  types  of  analyses  reveal  that  the  monocondylate 
head  and  mouthpart  condition  is  plesiomorphic  for  insects  (Boettger 
1958,  Kristensen  1981,  Boudreaux  1987,  Labandeira  et  al.,  submitted). 
Some  of  these  features  previously  have  been  cited  as  plesiomorphic, 
including  compound  eyes  (Paulus  1974) ,  the  pleural  duplicature  of  the 
cranium  (Lauterbach  1972)  and  a  leglike  maxillary  palp  (KukalovA-Peck 
1987).  Entognathate  and  entognathous-stylate  mouthparts  (Sections  8.3.2 
and  8.8.2)  occur  in  the  sister-group  to  the  insects,  the  Parainsecta, 
and  first  appear  in  a  deposit  slightly  older  than  the  first  occurrence 
of  monocondylate  mouthparts,  the  Rhynie  Chert  [104]  of  Early  Devonian 
age  (Whalley  and  Jarzembowski  1981,  Greenslade  and  Whalley  1986, 
Greenslade  1988,  but  see  Crowson  1985). 

The  earliest  monocondylate  is  Palaeoectognatha  gaspea  Labandeira, 
Beall  and  Hueber  1988,  from  the  Lower  Devonian  of  Quebec  [103],  which  is 
accomodated  by  a  monotypic  family  (Fig.  34).  Although  machilid  mono¬ 
condylates  appear  as  scraps  of  cuticle  from  the  Middle  Devonian  of  New 
York  [102]  (Shear  et  al.  1984),  they  do  not  first  appear  as  substantive 
fossils  until  the  Late  Carboniferous  of  Illinois  [96]  (KukalovA-Peck, 
pers.  comm.)  and  are  followed  by  a  long  hiatus,  reappearing  in  much 
younger  amber  deposits.  (The  record  of  a  presumptive  machilid  from  the 
Triassic  of  the  USSR  [Sharov  1948,  Palct  1972)  is  erroneous  and  is  now 
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FIGURE  34.  Geochronologic  history  of  the  Monocondylate  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities,  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Labandeira  et  al.  in 
prep.  The  taxonomic  level  of  analysis  is  the  family;  outgroup  is 
Diplura.  These  fossil  occurrences  are  not  a  complete  inventory  of 
all  documented  fossil  members  of  this  mouthpart  class. 
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considered  to  be  an  ephemeropteran  naiad  [KukalovA-Peck  1988,  in 
litt.].)  Machilids  probably  occur  in  Upper  Cretaceous  Siberian  amber 
[37]  (Zherikin  and  Sukacheva  1973)  and  are  convincingly  documented  from 
the  mid-Tertiary,  with  modern  genera  present  in  Upper  Eocene/Lower 
Oligocene  Baltic  amber  [19]  (Olfers  1907),  and  unassigned  genera 
occurring  in  Upper  Eocene  to  Lower  Miocene  Dominican  amber  [17]  (Schlee 
and  Glockner  1978)  and  Lower  Miocene  amber  deposits  from  Germany  [6] 
(Schumann  and  Wendt  1989) .  Meinertellids  occur  in  Upper  Oligocene  to 
Lower  Miocene  Mexican  amber  [11]  (Wygodzinsky  1971).  In  general  the 
fossil  record  of  monocondylates  is  poor. 

Previous  Designations .  The  term  monocondylate  refers  to  the 
characteristic  single  condylar  articulation  of  the  mandible  to  a  socket 
on  the  pleurostoma  of  the  cranial  capsule.  This  term  has  been  used  in  a 
structural  sense,  but  has  never  been  regarded  as  a  descriptor  of  a 
mouthpart  class .  Nevertheless  mandibular  monocondyly  distinguishes 
members  of  the  herein  designated  group  from  all  other  hexapod  mouthpart 
types.  Although  entognathates  (Section  8.3.2)  and  entognathous-stylates 
(Section  8.8.2)  have  mandibular  monocondyly,  and  several  stylate- 
haustellate  mouthpart  classes  have  secondarily  derived  monocondyly 
(Section  8.9),  these  mouthpart  classes  possess  other  features  to 
sufficiently  differentiate  them  from  monocondylates  (see  "Key  Pheno- 
characters"  of  this  section) .  Thus  the  term  monocondylate  appropriately 
describes  members  of  this  mouthpart  class.  (See  Table  6  for  a  history 
of  monocondylate  nomenclature . ) 
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Review  of  Literature.  In  spite  of  the  depauperate  taxonomic 
diversity  and  inconspicuous  habits  of  monocondylates ,  there  has  been 
considerable  study  of  their  mouthpart  structure,  especially  for  machi- 
lids .  Major  contributions  toward  the  study  of  monocondylate  mouthparts 
have  been  made  by  Baer  (1912) ,  who  interpreted  anatomic  sections  of 
heads;  Chaudormeret  (1948,  1956),  Bitsch  (1956,  1960,  1963)  and  Wygod- 
zinsky  (1944,  1945,  1948)  who  described  numerous  species  of  machilids, 
illustrating  their  head  and  mouthpart  structure;  and  Larink  (1971)  and 
Snodgrass  (1928,  1935)  who  emphasized  the  phylogenetic  importance  of 
machilid  head  and  mouthpart  structure  for  insect  evolution.  Meiner- 
tellids  have  been  investigated  minimally,  although  Mendes  (1981) 
recently  has  included  head  and  mouthpart  descriptions  of  meinertellids 
from  Viet  Nam.  Excellent  scanning  electrom  micrographs  of  machilid 
mouthparts  may  be  found  in  Eisenbeis  and  Wichard  (1987) . 

8.3.4.  Adult -Ectognathate  Class 
(Class  3) 

Description.  Head  spheroidal  with  rostrum  short  or  absent; 
nonretractile ;  rarely  with  anterior  prothoracic  shield  over  dorsum. 
Genae  prominent  to  minimally-developed,  rarely  absent;  gular  region 
prominent  and  well -developed.  Antennae  mostly  filiform,  setaceous,  or 
moniliform,  but  also  clavate,  lamellate  or  serrate;  ocelli  frequently 
absent,  less  commonly  3;  compound  eyes  moderately  developed  and  dich- 
optic,  rarely  otherwise.  Mouthparts  mandibulate,  prognathous  or 
hypognathous ,  symmetrical  and  nonretractile .  Food  pump  generally 
pharyngeal . 
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Clypeus  transversely  elongate;  generally  undivided  but  occasionally 
subdivided  or  fused  to  frons.  Labrum  quadrate  or  vertically  elongate; 
undivided;  bearing  a  pectinate  or  straight  to  curvilinear  margin. 
Pharyngeal  region  capacious;  hypopharynx  lingulate,  often  adjoined  to 
labrum  or  labium,  rarely  bilobed  or  a  membranous  surface;  epipharynx 
mostly  membranous.  Mandibles  dicondylic;  tetragonal  or  falcate; 
edentate  or  dominated  by  an  incisor  region,  but  also  molariform, 
serrated,  incisiform  with  a  mesial  brush,  or  caniniform;  musculated  for 
adduction/abduction.  Maxillae  with  equant  to  elongate  stipes;  a  main- 
body  of  4,  rarely  3  or  2,  sclerites;  bearing  galeae,  laciniae  and  palpi. 
Maxillary  palpus  filiform-moderately  clavate,  rarely  mucronate  or 
filiform- strongly  clavate;  4-  or  5-semented;  intermediate  to  long  in 
length.  Galeae  variable;  laciniae  often  with  mesially-directed  spines 
or  setae,  infrequently  fimbriate  or  absent.  Labium  with  a  main-body 
that  is  2-  or  3-divided,  elongate  to  rarely  equant  or  extremely  elon¬ 
gate;  bearing  glossae,  paraglossae  and  labial  palps,  with  glossae  and/or 
paraglossae  uncommonly  fused  into  a  ligula.  Labial  palpus  filiform, 
rarely  mucronate  or  clavate;  3 -segmented;  intermediate  to  long  in 
length.  Glossae  variable;  paraglossae  frequently  absent,  but  when 
present  generalized,  lingulate  or  fused  to  glossae  as  a  ligula. 
Interregional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  Adult-ectognathates  are  a  diverse  but  unique 
component  of  the  Mandibulate  Series.  They  are  the  most  generalized  of 
the  mandibulate  mouthpart  classes  and  are  characterized  by  generally 
unfused  mouthpart  elements  that  are  never  structurally  adjoined  to 
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mouthparts  in  adjacent  regions,  although  they  typically  exhibit  func¬ 
tional  coordination.  The  maxillae  and  labium  of  adult  ectognathates 
possess  two  mesial  endites  (infrequently  fused  into  a  mala)  and  a 
palpus,  analogous  to  the  structure  of  the  primitive  arthropodan  limb. 
Furthermore  the  adult -ectognathate  cranial  capsule  lacks  the  wide, 
flaring  and  conjoined  genae  that  subtends  a  triangular  frontoclypeal 
sclerite  in  larval  ectognathates  (Section  8.3.5).  Instead  adult- 
ectognathates  possess  a  substantively  different  system  of  cranial 
sutures  and  sclerites.  Since  virtually  all  members  are  trophic  in  their 
adult  stages ,  there  is  no  reduction  of  mouthpart  elements  or  regions , 
unlike  taxa  from  mandibulate  classes . 

Other  mandibulate  mouthpart  classes  can  be  distinguished  from 
adult -ectognathates  by  the  absence  in  adult  ectognathates  of  various 
specially  modified  mouthpart  elements,  or  the  absence  of  fusions  between 
or  among  mouthpart  regions.  Since  adult -ectognathates  bear  dicondylic 
mandibles,  they  can  be  differentiated  from  entognathates  and  monocon- 
dylates  (Sections  8.3.2  and  8.3.3)  which  lack  mandibular  condyly. 

Adult -ectognathates  also  lack  the  specialized  maxillary  and  labial 
elements  of  adult  raptorial -ectognathates  (e.g.  unsegmented  maxillary 
palp  adjoined  to  the  mala  and  the  glossoparaglossae)  and  the  unique 
labial  mask  of  immature  raptorial -ectognathates  (Section  8.3.7). 
Additionally,  adult-ectognathates  lack  pectinate  or  brustiate  appendages 
that  are  used  for  filter- feeding  in  the  pectinate  and  mouthbrush  classes 
(Sections  8.3.11  and  8.3.12).  These  include  labral  fans  and  penicillate 
prosthecate  mandibles.  Also  absent  from  ectognathates  are  proboscideal 
extensions  of  the  head  found  in  rostrates  and  rhynchophorates  (Sections 
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8.3.9  and  8.3.10).  In  terms  of  fusions  between  or  among  mouthpart 
regions,  adult- ectognathates  lack  the  maxillolabial  complex  of  maxillo- 
labiates  (Section  8.3.6),  the  unique  epipharyngeal/hypopharyngeal  ball- 
and-socket  masticatory  apparatus  of  the  Mortar -and- Pestle  class  (Section 
8.3.8),  and  the  silk-  spinning  labiohypopharyngeal  complex  of  mandibulo- 
brustiates  and  sericterates  (Sections  8.3.13  and  8.3.14). 

Diversity  and  Natural  History.  Adult -ectognathates  consist  of 
insects  belonging  to  virtually  all  major  mandibulate  groups,  namely 
thysanurans ,  blattodeans ,  mantodeans ,  phasmatodeans ,  orthopterans , 
isopterans ,  dermapterans ,  embiopterans ,  adult  and  naiad  plecopterans , 
zorapterans,  larval  and  adult  megalopterans  and  raphidiopterans ,  most 
adult  planipennians ,  most  adult  coleopterans ,  adult  zeuglopteran 
lepidopterans  and  adult  symphytan  and  parasitican  hymenopterans .  Adult- 
ectognathates  represent  an  estimated  21.3%  of  all  data-set  taxa  (Table 
5) ,  which  corresponds  to  approximately  24%  of  all  species  in  the  modern 
hexapod  fauna  (Fig.  131) .  These  data  indicate  that  adult -ectognathates 

f 

are  the  most  taxonomically  diverse  mouthpart  type  (Fig.  131).  The  high 
diversity  of  this  mouthpart  class  is  demonstrated  by  its  abundance  of 
taxa,  including  17  orders,  331  families,  35,150  genera  and  approximately 
363,500  species  (Appendix  D) .  Within  this  mouthpart  class,  adult 
coleopterans  contribute  disproportionately  to  this  diversity.  Adult- 
ectognathates  constitute  both  immature  and  adult  forms  of  nonholometabo- 
lous  forms  and  only  the  adult  members  of  holometabolous  forms,  with  the 
sole  exception  of  megalopteran  and  raphidiopteran  larvae.  These  latter 
two  exceptions  bear  close  resemblances  to  their  respective  adult'  stages , 
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unlike  other  holometabolous  groups.  As  a  group,  adult- ectognathates  are 
usually  conspicuous,  medium-  to  large-sized  insects  with  broad  dietary 
preferences  for  solid  food. 

The  dietary  breadth  of  adult -ectognathates  involves  virtually 
every  major  terrestrial  and  freshwater  food  resource  and  many  incidental 
food  resources  (Fig.  35).  Members  of  this  mouthpart  class  have  dominant 
roles  in  stable,  long-term  habitats,  but  are  also  plentiful  in  ephemeral 
and  patchily- distributed  microhabitats.  Relatively  stable,  long-term 
(though  often  seasonal)  habitats  include  feeding  on  pollen  and  nectar, 
consumption  of  various  plant  organs  by  external  feeders  and  predation  on 
live  insects .  Ephemeral  microhabitats  most  notably  are  fungi ,  dung  and 
carrion. 

Pollinivory  and  anthophily  in  beetles  is  a  much  discussed  topic, 
especially  since  previously  attention  has  been  focused  on  more  appar¬ 
ently  coevolved  systems ,  such  the  faithful  pollination  of  flowering 
plants  by  siphonates  and  glossates  (Sections  8.6.2  and  8.7.2).  Flower- 
frequenting  coleopterans  occur  as  two  ecologically-differentiated 
groups:  a  taxonomically  diverse  group  that  visits  flowers  for  adult 
feeding  and  a  less  diverse  group  whose  larvae  develop  within  flowers  or 
fruits  (Crowson  1981) .  Consumption  of  pollen  by  these  forms  however 
requires  special  modifications,  including  the  cracking  of  pollen  grains 
by  the  mandibles  of  small  species,  and  the  direct  consumption  of  pollen 
by  large  species  followed  by  intestinal  germination  and  subsequent 
attack  by  intestinal  enzymes  (Crowson  1981) .  In  this  context  Proctor 
and  Yeo  (1973)  and  Faegri  and  van  der  Pijl  (1980)  have  established 
several  features  of  pollinating  coleopterans  and  coleopteran-pollinated 
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flowers  that  define  a  "beetle  pollination  syndrome"  or  cantharophily . 
Floral  features  designed  for  beetle  pollination  include  flowers  grouped 
into  capitate  or  otherwise  bunched  inf lorescenses ,  floral  coloration  of 
white  to  rarely  yellow,  carpels  that  are  either  inferiorly  located  or 
raised  above  the  stamens  by  a  stout  column,  prolific  production  of 
pollen  and  de- emphasis  of  nectar  production,  and  an  open  and  radially 
symmetrical  flower.  Anthophilous  coleopterans  usually  bear  large, 
finely- facetted  compound  eyes;  long,  filiform  or  serrate  antennae; 
elongate  and  hairy  maxillary  lobes  and  ligula;  head  tending  toward  a 
proboscate  condition;  well -developed  powers  of  flight;  and  an  elongate 
body  shape.  Both  floral  and  pollinator  features  indicate  that  beetles 
lack  color  vision  and  visual  acuity,  prefer  pollen  over  nectar  consump¬ 
tion,  must  be  protected  from  ovaries  of  seeds  in  carpels  because  of 
potential  damage  to  the  plant  from  slashing  mandibles ,  and  require  an 
open,  bowl -shaped  flower  for  entry  to  the  pollen-bearing  organs.  The 
role  of  cantharophily  in  flowering  plant  evolution  is  important  (but  see 
Grinfel'd  1975),  particularly  since  many  extant  families  of  apomorphic 
polyphagans  are  dominated  by  pollinivorous  taxa  and  several  families  are 
obligatly  pollinivores  (after  Kevan  and  Baker  1983) .  Other  adult - 
ectognathates  have  been  observed  as  casual  pollinators,  including  adult 
plecopterans ,  orthopterans ,  adult  planipennians  and  raphidioipterans , 
micropterygid  lepidopterans  and  symphytan  hymenopterans  (Porsch  1958, 
Grinfel'd  1959b). 

The  external  plant-feeding  insect  guild  is  dominated  by  adult- 
ectognathates  and  sericterates  (Section  8.3.14).  Of  the  adult- 
ectognathate  component,  orthopterans,  phasmatodeans  and  many  families  of 
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polyphagan  coleopterans  constitute  the  major  consumers  of  leafy  and  wood 
vegetation  in  most  terrestrial  plant  communities  (Bernays  and  Barbehenn 
1987,  Stork  1987,  Tabashnik  and  Slansky  1987).  Examples  of  the  domi¬ 
nance  of  phytophagous  adult -ectognathates  in  specific  plant  communities 
include  the  stem-boring  guild  in  prairie  annuals  of  Tall  Grass  Prairie 
in  Illinois  (Rathke  1976)  and  external  foliage  feeders  on  a  Baccharis 
scrubland  in  southern  Texas  and  northern  Mexico  (Palmer  1987). 

Adult -ectognathates  that  feed  predominately  on  terrestrial  and 
freshwater  arthropods  are  a  major  food  guild  in  many  ecosystems.  This 
guild  includes  tropical  blattodeans,  mantodeans,  some  dermapterans , 
raphidiopterans ,  the  adults  of  planipennians ,  many  adephagan  and 
plesiomorphic  polyphagan  coleopterans,  and  some  parasitican  hymeno- 
pterans.  (Clausen  1940,  Braack  1987,  Hagen  1987,  Sih  1987,  Stork  1987). 
Those  adult -ectognathates  that  feed  on  other  animals  almost  always  feed 
on  other  insects  and,  to  a  much  lesser  extent,  on  noninsectan  arthro¬ 
pods,  snails  and  slugs  and  earthworms.  Structural  modifications  for 
carnivory  include  a  prognathous  head;  large,  falcate,  widely  abducted 
mandibles;  and  long,  agile  palps.  In  general  two  behavioral  strategies 
have  evolved  to  secure  prey:  ambush  predation  whereby  prey  is  secured 

l>’ 

by  sudden  surprise  from  a  haunt,  and  pursuit  predation  wherein  the 
victim  is  actively  chased. 

With  regard  to  spatiotemporally  confined  habitats,  fungi,  dung  and 
carrion  are  obvious  candidates.  Adult -ectognathate  fungivores  are 
mostly  small  archostemmatan  and  apomorphic  polyphagan  coleopterans  which 
are  intimately  involved  with  the  occupation,  consumption  and  spore 
dispersal  of  ephemeral  slime  molds  (Wheeler  1984) ,  bread  molds  (Sinha 
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1968)  and  various  mushroom  and  shelf  fungi  (Ashe  1984,  Kukor  and  Martin 
1987)  .  Similarly,  stercovorous  beetles  are  prominent  players  in  the 
mechanical  disintergration  of  dung  from  grassland  and  savanna  ruminant 
mammals  (Halffter  and  Edmonds  1982,  Hanski  1987).  Another  ephemeral 
habitat  is  the  carrion  community,  wherein  successive  waves  of  insects 
invade  carrion  in  various  stages  of  decay  (Payne  1965) .  In  these 
microhabitats  adult -ectognathates  become  dominant  in  the  later  succes- 
sional  stages  and  often  undergo  intra-  and  interspecific  competition  for 
limited  food  resources.  After  carcasses  have  become  defluidized,  many 
larval  and  adult  coleopterans  feed  on  dried  tissue,  skin,  keratin  and 
other  substances  (Smith  1986,  Peschke  et  al.  1987,  Braack  1987). 

Structural  Themes.  Of  the  34  mouthpart  classes  resulting  from 
this  study,  the  adult- ectognathate  mouthpart  class  has  the  most  highly 
structured  subclustering  patterns  and  the  most  diverse  assemblage  of 
taxa.  At  the  level  of  the  present  analysis,  19  basic  clusters  are 
identified.  However,  the  broad  patterns  by  which  subclusters  aggregate 
should  be  noted.  First,  there  is  an  approximately  even  division  of  the 
adult -ectognathate  cluster  into  two  groups  of  subclusters  (see  insets  of 
Fig.  36a  to  36g) .  The  left-hand  half  of  the  cluster  is  essentially 
orthopteroid  (or  polyneopterous)  in  character  whereas  the  right-hand 
half  is  entirely  coleopteran  except  for  the  single  case  of  an  isolated 
isopteran  (see  Table  1  for  terminology) .  These  two  groups  subdivide  the 
cluster  rather  evenly:  the  orthopteroid  group  has  nine  subclusters  and 
157  taxa  whereas  the  coleopteran  group  has  10  subclusters  and  133  taxa. 
Within  the  orthopteroid  group  subclustering  patterns  map  onto  taxonomic 
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FIGURE  36.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Adult 
Ectognathate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes. 
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compositions  at  the  ordinal  level  in  many  instances.  In  other  cases 
taxa  of  structurally  heterogenous  orders,  such  as  Orthoptera,  Plecoptera 
and  possibly  Embioptera  are  split  between  two  or  more  subclusters.  For 
the  coleopteran  group  there  are  two  major  characterizations  of  subclus¬ 
ters.  Several  subclusters  represent  eclectic  assemblages  of  taxa  from 
several  families  from  often  two  or  even  three  suborders .  A  greater 
number  of  subclusters  have  taxonomically  restrictive  memberships  and 
include  only  a  single  family  or  an  evolutionarily  close  suite  of 
families  in  the  same  superfamily  or  in  related  superfamilies .  It  is 
conceivable  that  these  two  groups  of  subclusters  each  warrant  mouthpart 
class  status.  I  opted  for  consolidating  them  because  of  the  signifi¬ 
cantly  long  branch-length  of  adult-ectognathates  when  compared  to  other 
such  clusters  (Fig.  28) . 

Within  the  orthopteroid  group  of  clusters,  Subcluster  1  (bracketed 
by  data-set  nos.  18  to  1096  of  Fig.  36a)  consists  of  a  thysanuran  and 
zorapteran  group,  a  symphytan  and  parasitican  hymenopteran  group  and  a 
zeuglopteran  lepidopteran  group.  These  three  groups  exhibit  similari¬ 
ties  in  head- related  and  general  mouthpart  features  but  differ  in 
specific  features  of  the  mouthpart  elements.  Subcluster  2  (data-set 
nos.  74  to  91  of  Fig.  36a)  is  less  diverse  and  consists  of  blattodean 
and  isopteran  groups.  Both  groups  exhibit  close  similarities  in  general 
mouthpart  features  and  most  mouthpart  element  details,  differing  only  in 
a  few  characters  of  mandible  shape  and  glossal  and  paraglossal  modifica¬ 
tion.  Subcluster  3  (97  to  82  of  Fig.  36b)  is  a  diverse  assemblage  of  39 
taxa  from  6  orders,  namely  orthopterans ,  a  grylloblattid,  embiopterans , 
phasmatodeans ,  dermapterans  and  a  mantodean.  Significantly  there  is  not 
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a  partitioning  of  this  subcluster  along  ordinal  lines.  This  sharing  of 
taxa  of  the  same  order  in  different  groupings  is  based  on  only  several 
characters  of  the  maxilla  and  labium.  Subcluster  4  (152  to  170  of  Fig. 
36c)  is  a  similarly  diverse  suite,  consisting  of  25  taxa  of  adult  and 
immature  plecopterans .  Although  plecopteran  immatures  are  aquatic 
naiads  that  have  significantly  different  diets  than  their  adults,  the 
presence  of  both  life -stages  in  the  same  subcluster  indicates  that  the 
adult/naiad  dichotomy  is  more  similar  to  raptorial  ectognathates 
(Section  8.4.7)  than  to  pectinates  and  their  adult  stages  (Sections 
8.3.11  and  8.10.3).  Subcluster  5  (99  to  180  of  Fig.  36c)  encompasses 
nine  taxa  of  orthopterans ,  embiopterans  and  plecopterans .  Although  most 
orthopteran  taxa  are  located  in  Subclusters  3  and  6,  the  Gryllacrididae , 
Haglidae  and  Cylindrachetidae  bear  mouthparts  that  are  sufficiently 
aberrant  that  they  are  more  phenetically  close  to  poorly  known  embio¬ 
pterans  and  notonemourid  and  gripopterygid  plecopterans.  Subcluster  6 
(104  to  115  of  Fig.  36c)  incorporates  caeliferan  orthopterans  and  the 
archaic  plecopteran  family  Eustheniidae .  Subcluster  7  (366  to  718  of 
Fig.  36d)  comprises  three  coleopteran  taxa  from  the  superfamilies 
Dascilloidea,  Scarabaeoidea  and  Curculionoidea  and  all  planipennian 
adults  except  for  the  Nemopteridae .  The  absence  of  adult  nemopterids  is 
significant  since  their  highly  divergent  mouthparts  are  accomodated  in 
the  rostrate  and  glossate  classes  (Sections  8.3.9  and  8.7.2).  Subclus¬ 
ter  8  (109  to  113  of  Fig.  36d)  consists  of  grylloid  orthopterans 
(crickets).  This  well- integrated  subcluster  is  attributable  to  charac¬ 
ters  describing  the  enlargement  of  the  hypopharynx  and  adjacent  struc¬ 
tures  into  an  adsorptive  organ  convergent  with  the  haustorium  of 
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haustoriates  or  labellum  of  labellates.  Subcluster  9  (356  to  359  of 
Fig.  36d)  constitutes  adult  and  larval  megalopterans  and  raphidio- 
pterans.  The  discreteness  between  adult  and  immature  stages  in  this 
subcluster  is  not  as  pronounced  as  it  is  for  Subcluster  4  or  between 
adult -ectognathates  and  larval - ectognathates . 

Among  the  coleopteran  group  of  subclusters,  Subcluster  10  (398  to 
509  of  Fig.  36e)  is  a  diverse  assemblage  of  44  taxa  comprising  three 
suborders,  10  superfamilies  and  20  families  of  coleopterans .  Together 
with  Subcluster  11,  they  comprise  the  overwhelming  bulk  of  coleopteran 
diversity  within  adult  ectognathates.  Members  of  Subcluster  10  are 
dominated  by  adephagans  and  plesiomorphic  polyphagans  and  possess 
prognathous  mouthparts ,  falcate  and  prominent  mandibles  and  are  either 
predatory  on  insects  or  associated  with  wood.  By  contrast,  Subcluster 
11  (409  to  560  of  Fig.  36f)  consists  of  almost  entirely  apomorphic  poly¬ 
phagans  with  hypognathous  mouthparts,  tetragonal  mandibles  modified  for 
vegetarianism  and  consume  a  variety  of  live  tissues  in  terrestrial 
vascular  plants  and  fungi.  Many  are  obligate  pollinivores  or  engage  in 
fungal/tree/insect  symbioses.  The  trend  described  in  Subclusters  10  and 
11  is  not  a  new  one;  entomologists  have  previously  noted  this  transition 
from  predatory  forms  in  the  Adephaga  and  plesiomorphic  Polyphaga  to 
plant-feeding  forms  in  apomorphic  Polyphaga  (Balduf  1935,  Crowson  1981). 
Subclusters  12  to  19  are  interpreted  as  peripheral  to  the  central 
tendency  exhibited  in  subclusters  10  and  11.  Subcluster  12  (459  to  478 
of  Fig.  36g)  comprises  only  staphylinids  and  a  related  pselaphid. 
Subcluster  13  (448  to  651  of  Fig.  36g)  incorporates  eight  families  of 
staphylinoids ,  scarabaeoids ,  dermestoids,  bostrichoids  and  cucujoids  and 
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apparently  represents  forms  that  are  predaceous  or . wood-borers . 
Subcluster  14  (628  to  651  of  Fig.  36g)  are  floricolous  forms  of  the 
Cerylonidae  and  Mordellidae.  Subcluster  15  (400  to  518  of  Fig.  36g)  is 
an  assortment  of  mostly  rare,  recently  described  cucujoid  families  with 
adaptations  to  spore -feeding.  Subcluster  16  (466  of  Fig.  36g)  is  a 
structurally  isolated  staphylinid  whereas  taxa  of  Subcluster  17  (452  and 
453  of  Fig.  36g)  are  staphylinoids  of  the  families  Leptinidae  and 
Platypsyllidae  that  are  ectoparasitic  on  mammals  and  bear  highly 
modified  mouthparts .  Lastly,  Subclusters  18  (90  of  Fig.  36g) ,  a 
serritermitid  isopteran  and  19  (728  of  Fig.  36g)  an  ithycerid  curculio- 
noid,  are  anomalous,  isolated  taxa. 

Geochronologic  History.  By  the  Early  Pennsylvanian  Namurian  B 
Stage  (about  320Ma) ,  adult -ectognathates  were  already  a  major  component 
of  the  insect  fauna.  Deposits  of  this  interval  contain  fossils  of 
mostly  extinct  but  also  a  few  extant  orders  of  paleopterans  and  general¬ 
ized  orthopteroid  insects  (Sharov  1971,  Zessin  1987)  including  the 
diverse,  extinct  palaeodictyopteroids ,  who  bore  sty late  mouthparts. 

These  early  adult-ectognathate  forms  probably  included  the  orders 
Protorthoptera,  Miomoptera,  Protoblattodea  (Crowson  et  al.  1967,  Burnham 
1983,  Carpenter  and  Burnham  1985)  and  several  small  probable  true 
orthopterans  and  blattodeans  (Zeuner  1939,  Crowson  et  al.  1967,  Gorokhov 
1987).  Additional,  anecdotal  evidence  supporting  the  presence  of  adult- 
ectognathates  during  this  time  are  several  reports  from  scalloped  or 
otherwise  excised  pinnules  and  fronds  from  a  diversity  of  Late  Carbonif¬ 
erous  plant  groups  that  are  found  in  compression  floras,  suggesting 
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external  foliage  feeding  (Van  Ameron  1966,  Van  Ameron  and  Boersma  1971, 
Muller  1982,  Scott  and  Taylor  1983,  Labandeira  and  Beall  1990). 

Moreover,  supplementary  evidence  is  provided  by  a  rich  and  varied  suite 
of  coprolites  of  various  digested  plant  tissues  in  Late  Carboniferous 
coal  balls  from  the  Illinois  Basion  of  the  Euramerican  Continent 
(Rothwell  and  Scott  1983,  1988;  Labandeira  and  Beall  1990).  These  data 
collectively  indicate  an  early  wave  of  adult- ectognathates  occurring  in 
forested  lowland  ecosystems  of  the  Late  Carboniferous.  (See  Fig.  37  for 
a  phylogram  summary  of  adult - ectognathates . ) 

During  the  Permian  a  second  wave  of  adult -ectognathates  appeared, 
consisting  of  holdovers  from  the  Carboniferous  as  well  as  a  new  occur¬ 
rences  of  adult  holometabolans .  Several  rich  insect  faunas  from  the  US 
[90],  USSR  [89,88,86],  Czechoslovakia  [92]  and  Australia  [83]  have 
revealed  a  highly  diverse  fauna  of  extinct  and  extant  orders  (Carpenter 
1977)  of  adult-ectognathates ,  including  thysanurans ,  blattodeans, 
caloneurodeans ,  miomopterans ,  orthopterans ,  embiopterans ,  plecopterans , 
protelytropterans ,  coleopterans ,  planipennians ,  raphidiopterans , 
megalopterans  and  glosselytrodeans  (Ponomarenko  1969,  Rohdendorf  and 
Rasnitsyn  1980,  Carpenter  and  Burnham  1985).  Many  taxonomically 
smaller,  nonholometabolous  groups,  such  as  grylloblattodeans ,  manto- 
deans ,  isopterans ,  phasmatodeans ,  dermapterans  and  zorapterans  appear 
later  during  the  Early  to  Middle  Mesozoic,  although  cladistic  evidence 
indicates  that  most  of  these  groups  should  have  been  present  during  the 
Permian.  Ecological  evidence  for  the  presence  of  adult-ectognathates 
includes  scalloped  pinnule  margins  from  Glossopteris  floras  from  South 
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FIGURE  37 .  Geochronologic  history  of  the  Adult  Ectognathate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities,  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Kristensen 
(1981) ,  Hennig  (1981) ,  Boudreaux  (1987)  and  especially  Jamieson 
(1987)  .  The  taxonomic  level  of  analysis  is  the  order.  The  outgroup 
is  Archaeognatha .  For  the  Hymenoptera  and  Lepidoptera,  only  adult 
ectognathate  members  have  been  plotted.  These  fossil  occurrences  are 
not  a  complete  inventory  of  all  documented  fossil  members  of  this 
mouthpart  class. 
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Africa  and  India  (Plumstead  1963,  Srivastava  1987).  These  insect- 
mediated  feeding  marks  are  consistent  with  a  phytophagous  orthopteroid 
insect  as  the  causative  agent.  Additionally,  coleopterans  commenced 
their  evolutionary  diversification  during  the  Permian  and  from  a  few 
well -studied  forms  there  appears  to  be  an  association  between  archo- 
stemmatan  cupedid  beetles  and  wood-boring  in  loose-bark  habitats 
(Crowson  1976,  1981;  Hamilton  1978).  This  may  indicate  early  duro- 
phagous  specialization  in  adult- ectognathates . 

The  third  and  last  major  wave  of  adult -ectognathates  occurred 
during  the  Early  to  Middle  Mesozoic  with  the  diversification  of  various 
mandibulate  groups,  such  as  several  orthopteroid  groups  during  the  early 
part  of  the  era,  xyeloid  hymenopterans  during  the  Late  Triassic  [82] 
(Rasnitsyn  1964,  1975),  plesiomorphic  polyphagan  coleopterans  during  the 
Early  to  Middle  Jurassic  [69,61,60]  (Arnoldi  et  al.  1977,  Crowson  1981) 
and  zeuglopteran  lepidopterans  during  the  Lower  Jurassic  [69]  (Whalley 
1985,  1986).  In  many  of  these  groups  more  advanced  adult  members 
forsook  ectognathate  mouthparts  and  solid- feeding  for  various  mouthparts 
involved  in  fluid- feeding.  The  adults  of  several  of  these  groups  became 
dominant  consumers  of  live  tissues  on  vascular  land  plants,  as  indicated 
by  cladistic  analyses  of  modern  phytophagous  representatives  and  the 
fossil  record.  Others  specialized  in  weakly-tuned  coevolutionary 
relationships  with  flowering  plants  and  received  their  nutriment 
dominately  by  pollen- feeding  (Gottesburger  1977,  1988;  Crepet  and  Friis 
1987)  .  Although  adult  coleopterans  are  generally  implicated  in  this 
dietary  shift,  Krassilov  and  Rasnitsyn  (1982)  have  paleontological 
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evidence  that  symphytan  hymenopterans  also  participated  in  the  use  of 
pollen  as  a  food  source  during  the  Middle  Mesozoic.  It  is  also  likely 
that  micropterygid  and  other  plesiomorphic  lepidopterans  were  also 
concurrent  pollinivores  since  many  extant  members  consume  pollen  (Faegri 
and  van  der  Pijl  1980,  Barth  1985). 

Previous  Designations.  Recognition  of  adult  ectognathate  mouth- 
parts  probably  extends  to  Aristotle's  De  Partibus  Animalium.  Since  they 
were  considered  the  "most  basic"  of  mouthpart  types ,  structural  equiva¬ 
lents  of  adult  ectognathates  were  mentioned  or  discussed  by  Fabricius 
(1775,  1779),  MacLeay  (1821),  Kirby  and  Spence  (1826)  and  Latreille 
(1832).  In  these  treatments  frequently  the  adjective  "biting"  substi¬ 
tuted  for  what  is  now  commonly  understood  as  "chewing." 

Within  modern  times,  the  term  "mandibulate"  (e.g.  Borror  et  al. 
1976)  or  some  variation  thereof,  such  as  "chewing  type"  (Metcalf  1929, 
Metcalf  et  al.  1962),  "orthopteran  type"  (James  and  Harwood  1969),  or 
"cutting  and  chewing"  (Smith  1985),  all  have  been  used  to  refer  to  the 
mouthparts  of  most  insects  herein  assigned  to  the  Mandibulate  Series. 
However,  the  Adult  Ectognathate  Class,  as  currently  defined,  is  a  more 
restrictive  structural  group  and  the  above  terms  are  applicable  only  in 
the  broadest  sense  (see  Table  6  for  details) . 

Frequently,  discussions  and  illustrations  of  the  generalized 
mouthpart  and  head  groundplan  of  pterygotes  approach  that  of  what  is 
herein  conceived  as  adult -ectognathate.  Examples  are  "the  definitive 
insect  head"  of  Snodgrass  (1935),  the  "generalized  pterygote  insect"  of 
DuPorte  (1977),  or  the  "basic  chewing  type"  of  Arnett  and  Jacques 
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(1985).  Most  of  these  and  similar  designations  are  used  in  an  arch¬ 
etypal  sense  and  are  idealized  abstractions  without  reference  to 
existant  species.  Since  other  mandibulate  mouthpart  classes  exhibit 
significant  structural  deviations  from  adult - ectognathates ,  it  may  be 
appropriate  to  equate  the  above  idealized  descriptions  loosely  with  the 
Adult  Ectognathate  Class.  The  closest  expression  of  synonymy  with 
adult-ectognathate  mouthparts  is  provided  by  Denis  and  Bitsch  (1973) , 
who  stated,  with  respect  to  their  appareil  buccal  broyeur,  the  following 
mouthpart  subtype: 

Les  mandibules  sont  bien  d6velopp6s ,  maxille  et  labium  ont 
typiquement  une  structure  g6n6ralisde.  Les  Thysanoures  et 
presque  tous  les  Pt&rygotes  " inferieurs" ,  ainse  que  les 
Col6opt&res ,  N6vropt6res ,  les  larves  de  Trichoptferes  et  de 
L6pidopt&res  poss&dent  le  plus  souvent  un  appareil  buccal 
de  ce  type  (Denis  and  Bitsch  1973,  p.40). 

They  consider  mouthparts  of  mecopterans  (rostrates,  Section  8.3.9)  and 
curculionoids  (rhynchophorates ,  Section  8.3.10)  as  qualitatively 
different  subgroupings  within  their  " appareil  buccal  broyeur."  This 
designation  was  elaborated  by  Chaudonneret  (1982)  who  established  a 
generalized  biting- and- chewing  insect  as  a  ground  plan  (thdme)  for 
establishing  variations  in  other  structurally  derived  insect  groups. 

Because  previous  references  to  a1*  generalized  mandibulate  mouthpart 
type  have  been  couched  in  the  formulation  of  archetypes  or  idealized  ab¬ 
stractions,  I  am  using  the  more  concrete  designation  adult-ectognathate 
to  designate  the  mouthpart  class  discussed  her in.  This  term  has  no 
prior  history  of  usage  in  the  entomological  literature. 

Review  of  Literature.  The  literature  on  adult-ectognathate  mouth¬ 
parts  is  vast  and  detailed.  In  this  section  I  will  attempt  to  summarize 
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briefly  major  works  on  the  topic,  recognizing  that  only  a  fraction  of 
approximately  350  examined  papers  on  adult -ectognathates  will  be 
mentioned.  Of  the  total  number  of  reference  citations  in  this  study, 
about  30%  pertain  to  adult- ectognathates .  Of  these,  the  overwhelming 
majority  involve  studies  of  adult  coleopteran  mouthparts.  I  will  first 
present  a  review  of  papers  providing  synoptic  reviews  of  mouthpart 
structure  for  particular  taxonomic  groups.  This  will  be  followed  by 
citation  of  important  articles  discussing  mouthpart  structure  of 
particular  species.  Finally  I  will  list  studies  focusing  on  structural 
variation  of  particular  mouthpart  elements . 

Major  illustrated  summaries  of  orthopteroid  mouthparts  can  be 
found  in  Yuasa  (1920),  Crampton  (1921;  1932,  head  capsules  only),  Hoke 
(1924,  plecopterans) ,  Golden  (1925),  Walker  (1933),  and  Strenger  (1942), 
most  of  which  discuss  and  illustrate  representative  taxa  from  several 
orders  of  insects.  Reviews  of  neuropteroid  mouthparts,  especially 
coleopterans ,  can  be  found  in  Kadic  (1902,  labia),  Pauly  (1915,  cara- 
boids) ,  Crampton  (1921),  Bertin  (1923,  scarabaeoids) ,  Stickney  (1923, 
head  capsules),  Verhoeff  (1923),  Williams  (1938,  maxillae  and  labia), 
Ferris  (1942),  Cook  (1943,  schematic  diagrams),  Dorsey  (1943,  schematic 
diagrams)  and  Forsythe  (1982,  1983,  with  scanning  electron  micrographs). 
Bugnion  (1930) ,  Berland  (1947)  Gotwald  (1969)  and  Bohart  and  Menke 
(1976)  present  mouthpart  and  head  morphology  data  for  many  adult 
mandibulate  hymenopterans . 

Numerous  individual  works  discuss  and  illustrate  mouthpart  and 
head  structure  of  a  single  species,  or  a  few  selected  species,  fre¬ 
quently  in  exhaustive  detail.  A  sampling  of  these  studies  include  the 
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following  listing  of  mouthpart -focused  descriptions  of  species  from  17 
adult  ectognathate  orders.  For  the  Thysanura,  the  lepismatids  Lepisma 
saccharina  Linneaus  has  been  described  by  Larink  (1970)  and  Manton 
(1977)  and  Thermobia  domestica  (Packard)  by  Chaudonneret  (1950) .  The 
archaic  family  Lepidotrichidae  has  a  single  relict  form,  Tricholepidon 
gertschi  Wygodzinsky,  described  by  Wygodzinski  (1961). 

Among  orthopteroids ,  mouthpart  and  head  structure  has  been 
described  for  orthopteran  acridids,  particularly  Xenocheila  zarvndnyi 
Uvarov  by  Chapman  (1966) ,  and  for  Dissosteira  Carolina  (Linneaus)  by 
Snodgrass  (1928) .  Other  orthopterans  from  varied  habitats  include  the 
generalized  stenopelmatid,  Stenopelmatus  sp.,  treated  by  Crampton 
(1930a) ,  a  spelial  raphidophorid,  Tachycines  asynamorus  Adelmann  by  Wada 
(1965),  the  fossorial  gryllotalpid  Gryllotalpa  gryllotalpa  (Linneaus) 
by  LaGreca  (1939),  and  the  semiaquatic  pauliniid,  Marellia  remipes 
Uvarov  by  Carbonell  (1959) .  Mouthpart  structure  for  blattodeans  has 
been  described  for  blattids,  namely  Periplaneta  americana  (Linneaus)  by 
Bugnion  (1920)  and  Popham  (1961),  and  the  congeneric  P.  australasiae 
(Fabricius)  by  Mangan  (1909).  The  recently  discovered  Grylloblattodea 
consists  of  a  monotypic  genus ,  the  grylloblattid  Grylloblattodea 
campodeiformis  Walker,  whose  mouthparts  have  been  described  by  Crampton 
(1926)  and  Walker  (1931b,  1933,  1937).  Within  the  Dermaptera,  the 
mouthparts  of  the  common  forficulid  earwig,  Forficula  auricular ia 
Linneaus,  has  been  described  by  Strenger  (1949),  Henson  (1950)  and 
Popham  (1959).  Other  examined  dermapterans  include  the  labidurid, 
Labidura  riparia  Pallas,  by  Kadam  (1961),  and  the  parasitic  forms 
Arixenia  esau  Jordan,  an  arixeniid,  and  Hemimeris  talpoides  Walker,  an 
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hemimerid,  both  described  by  Popham  (1962a).  Of  the  Mantodea,  the 
mantid  S tagnoman tis  Carolina  (Johannsen)  was  described  by  Leverreault 
(1936) .  Embiopterans  are  a  generally  neglected  group  in  mouthpart 
morphology,  but  descriptions  exist  for  the  embiopterans  Embolyntha 
batesi  MacLachlan  by  Lacombe  (1964) ,  and  for  Embia  ramburi  Rimsky- 
Korsakow  by  Rahle  (1970).  Phasmatodeans  have  better  coverage,  with 
several  families  represented,  including  the  heteronemid  Necrosia  spaces 
Westwood  by  Gangrade  (1965) ,  the  pseudophasmatid  Anisomorpha  bupres- 
Coides  Stoller  by  Littig  (1942) ,  and  the  phasmatid  Carausius  morosus  by 
Marquardt  (1939) .  Mouthpart  studies  of  isopterans  have  generally 
focused  on  comparative  mandibular  morphology  based  on  intraspecific 
caste  allometries,  although  Vishnoi  (1956)  describes  all  mouthpart 
structures  for  castes  of  the  termitid  Odontotermes  obesus  (Rambur) . 

Among  adult  neuropteroids ,  mouthpart  and  head  descriptions  are 
given  for  the  corydalid  megalop terans  Corydalus  comutus  (Linneaus)  by 
Kelsey  (1954) ,  and  Chauliodes  formosanus  Peterson  by  Maki  (1936) . 

Kramer  (1955)  described  the  mouthparts  and  head  of  the  larva  of  C. 
comutus.  Mouthpart  and  head  structures  of  Sialis  flavilatera  (Lin¬ 
neaus)  ,  a  sialid,  was  described  by  Rober  (1941) .  Raphidioideans  are 
represented  by  the  raphidiians  Raphidia  flavipes  Stein  described  by 
Achtelig  (1967),  and  Agulla  adnixa  (Hagen),  described  by  Ferris  and 
Pennebaker  (1939)  and  Matsuda  (1956).  Descriptions  of  planipennian 
mouthparts  are  provided  by  Morse  (1931)  for  the  chrysopid  Chrysopa  perla 
Linneaus,  and  by  Acker  (1958)  for  the  nemopterids  Stenorrhachis  walkeri 
(MacLachlan)  and  Nemopterella  sp.  Mouthparts  and  heads  from  many  adult 
coleopteran  groups  have  been  documented,  including  notable  studies  by 
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Blackwelder  (1936)  for  the  staphylinid  Creophilus  villosus  Gravenhorst; 
by  Honomichl  (1975)  for  the  gyrinid  Gyrinus  substriatus  Stephens;  by 
Smith  (1892a)  for  the  scarabaeid  Copris  Carolina  Linneaus;  by  Pradhan 
(1939b)  and  Butt  (1951)  for  the  coccinellids  Coccinella  septempunctata 
(Linneaus)  and  Epilachna  varvivestris  Mulsant,  respectively;  by  Campau 
(1940)  for  the  cantharid  Chauliognathus  pennsylvanicus  (DeGeer) ;  and 
Khatib  (1946)  for  the  chrysomelid  Galerucella  birmanica  (Jacoby). 

Adult  nonapoid  hymenopterans ,  principally  sawflies ,  are  also  a 
major  contribution  to  adult-ectognathate  mouthparts.  Major  studies  of 
ectognathate  hymenopteran  mouthparts  include  the  xyelid  Xyela  minor 
Norton  by  Berland  (1947)  and  Snodgrass  (1960),  the  tenthrediniids 
Hoplocampa  halcyon  Norton  by  Bird  (1920)  and  Berland  (1947)  and  Macro- 
phya  pluricincCa  Norton  by  Matsuda  (1957) ,  the  braconids  Bathyaulax 
alami  Zaka-ur-Rab  by  Zaka-ur-Rab  (1978)  and  Apanteles  gomeratus  (Lin¬ 
neaus)  by  Grandori  (1911) ,  the  apozygid  Apozyx  penyai  Mason  by  Mason 
(1971) ,  the  trigonalid  Pseudogonalys  hahni  Spinola  by  Bugnion  (1911)  and 
the  pelecinid  Pelecinus  sp.  by  Cresson  (1887)  and  DuPorte  (1946). 

Individual  mouthpart  elements  of  adult-ectognathate  mouthparts 
often  have  been  discussed  in  the  literature.  They  include  mandibular 
form,  mandibular  dentition,  labial  and  maxillary  palp  vestiture  and 
sensory  organelles,  and  clypeal  and  labral  structures,  among  others. 
Mandibular  form  is  best  documented  in  isopterans ,  wherein  mandibular 
shape,  size  and  dentition  has  been  used  for  phylogeny  in  the  worker 
(Ahmad  1950)  and  soldier  (Hare  1937)  castes.  Intraspecific  mandibular 
variation  has  been  investigated  by  Roonwal  and  Sengal  (1960)  in  the 
worker  caste  of  Odontotermes  obesus  (Rambur) ,  and  Deligne  (1965)  has 
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interpreted  mandibular  shape  and  movement  in  terms  of  defensive  behavo- 
rial  strategies.  Among  coleopterans ,  mandibular  form,  and  in  part 
dentition,  has  been  linked  to  boring  into  variously- indurated,  solid 
substrates  (Striganova  1967)  ,  to  piercing  prey  (Witzke  1973) ,  to  various 
modes  of  cutting  plant  and  animal  tissue  (Bertin  1923) ,  to  sweeping 
pollen  (Fuchs  1974 ,  Ashe  1984b)  and  to  scraping  dung  (Hata  and  Edmunds 
1983),  among  other  functions. 

The  relevant  features  of  mandibular  dentition  are  cusp  form  and 
cusp  position.  Their  relationship  to  diet  type  have  been  widely 
discussed  for  orthopterans  and  coleopterans.  Important  studies  involv¬ 
ing  orthopterans  include  Nininger  (1915),  Golden  (1925),  Isely  (1938, 
1944),  Gangwere  (1960,  1964,  1965),  Chapman  (1964),  Liebermann  (1968), 
and  Patterson  (1983).  For  coleopterans,  equally  intensive  investiga¬ 
tions  have  been  made  by  Pauly  (1915),  Bertin  (1923),  Golden  (1925), 
Pradhan  (1938) ,  Butt  (1951) ,  and  Osterwald  (1954) .  Other  studies  of 
mandibular  dentition  have  focused  on  blattodeans  (Maiz  and  Hintze- 
Podufal  1979)  and  dermapterans  (Popham  1959,  1962).  The  vestiture  and 
sensory  organelles  of  palpi  are  documented  by  Plateau  (1885,  maxillary), 
Blackwelder  (1936,  maxillary  and  labial),  Thomas  (1966,  all  appendages), 
Corbi&re  (1967,  all  appendages),  Blaney  and  Chapman  (1970,  maxillary), 
Roberts  (1972,  maxillary),  Chapman  and  Thomas  (1978,  maxillary  and 
labial),  and  Klein  and  Muller  (1978,  maxillary).  Other  mouthparts  that 
are  treated  in  depth  include  the  epipharynx  of  scarabaeoids  (Hayes  1928) 
and  the  clypeus  and  labium  of  various  adult-ectognathate  forms  (Walker 
1931a,  Cook  1944a,  Evans  1961) . 
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8.3.5.  Larval -Ectognathate  Class 
(Class  4) 

Description.  Head  quadrate,  nonproboscate ,  generally  retractile. 
Genae  expanded  dorsoventrally ,  comprising  most  of  the  cranial  capsule; 
frontal  region  wide  and  triangular,  with  an  inverted,  Y-shaped  epistomal 
suture.  Gula  present,  minimal-  to  well -developed.  Antennae  filiform, 
less  commonly  papillate,  palpiform  or  setaceous;  stemmata  present, 
mostly  numerous,  occasionally  2  or  absent;  compound  eyes  absent. 
Mouthparts  mandibulate,  prognathous  or  hypognathous ,  symmetrical  or  with 
single  element  asymmetry,  nonprotractile . 

Clypeus  mostly  transversely  elongate,  less  commonly  quadrate  or 
absent;  subsegmentation  variable.  Labrum  vertically  elongate,  less 
commonly  quadrate  or  absent;  undivided;  margin  straight  to  shallowly 
curvilinear  or  pectinate.  Hypopharynx  variable;  epipharynx  mostly 
membranous  but  also  lobate,  setate  or  absent.  Mandibles  dicondylic; 
mostly  tetragonal  or  falcate  to  less  commonly  palmate  or  rarely  exca¬ 
vate;  dentition  variable;  musculation  of  adduction/abduction.  Maxilla 
with  equant  or  elongate  stipes;  main  body  consisting  of  2,  rarely  3  or 
4,  sclerites ;  bearing  a  mala  and  palpus.  Mala  infrequently  divided  into 
a  recognizable  galea  and  lacinia.  Maxillary  palpus  4-  to  3-segmented, 
rarely  2-segmented;  mucronate  or  filiform- clavate ,  rarely  papillate; 
short  to  intermediate  in  length.  Galea  fused  to  lacinia,  bearing 
bristles  mesially  and  raker-like  structure  distally;  rarely  otherwise. 
Labium  with  equant  or  elongate  main-body  divided  into  2  or  3  segments; 
bearing  a  ligula  and  palps;  ligula  rarely  divided  into  glossae  and 
paraglossae.  Labial  palps  mostly  2-segmented;  filiform  to  uncommonly 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


265 

mucronate  or  papillate;  short  to  intermediate  in  length.  Glossae 
variable,  often  a  generalized  lingulate  lobe;  paraglossae  absent. 
Interregional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  Several  major  features  of  the  head  and 
mouthparts  separate  larval -ectognathates  from  members  of  the  six  other 
terrestrial  and  aquatic  larval  mouthpart  classes .  An  important  feature 
of  larval -ectognathates  is  the  combination  of  a  nonproboscate  or 
otherwise  unappendiculate ,  globose  head  and  an  epistomal  suture  subtend¬ 
ing  an  inverted  triangular  sclerite  on  the  anterior  or  anterodorsal 
aspect  of  the  head  capsule  (variously  termed  the  clypeofrons  or  fronto- 
clypeal  sclerite) .  Although  members  of  the  aquatic  and  larval  mouth¬ 
brush  and  mandibulobrustiate  mouthpart  classes  bear  this  characteristic 
triangular  sclerite,  mouthbrush  members  bear  characteristic  labral  fans 
or  other  pectinate  or  penicillate  mouthpart  appendages,  and  mandibulo- 
brustiates  generally  have  an  anteroposteriorally  elongated  head  capsule, 
lack  a  galea  and  bear  a  labiohypopharyngeal  spinneret  (see  Sections 
8.3.12  and  8.3.13).  Also,  the  head  capsule  of  larval -ectognathates  is 
typical  of  generalized  holometabolous  larvae  and  lacks  the  internal , 
posteriorly-directed  apotomes  or  other  processes  found  in  sericterates 
(Section  8.3.14)  or  the  tentorial  arms  originating  from  the  cephalo- 
pharyngeal  capsule  of  mouthhooks  (Section  8.4.4) 

The  mandibles  of  larval -ectognathates  are  tetragonal,  falcate  or 
palmate,  but  lack  major  pectinate  structures  for  filter  feeding  or 
sweeping,  although  they  may  bear  small  basal  brushes.  Although  the 
mandibles  are  sometimes  falcate,  they  never  bear  longitudinal  gutters  or 
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a  tubule  originating  subapically  and  debouching  at  the  mandible  base,  as 
in  members  of  the  fossate- complex,  tubulomandibulate  and  mouthhook 
mouthpart  classes  (Section  8.4).  Larval -ectognathate  mandibles  articu¬ 
late  perpendicular  to  the  body  sagittal  plane  and  thus  occlude,  unlike 
the  nonocclusal  articulation  of  mouthhook  mandibles  parallel  to  the  body 
sagittal  plane. 

Larval -ectognathate  maxillae  consist  of  elements  that  are  not 
structurally  fused  or  otherwise  connected  to  adjacent  mouthpart  regions. 
This  condition  differs  significantly  from  the  maxillolabiate  complex  of 
maxillolabiates  (Section  8.3.6)  or  the  various  fusions  between  mandibu¬ 
lar  and  maxillary  sclerites  of  the  mouthhook  and  mouthbrush  classes . 
Additionally,  the  maxillary  lacinia  forms  part  of  the  generalized, 
lingulate,  often  bristle-bearing  malar  lobe  and  is  not  an  elongate, 
scythe -shaped  structure  found  in  members  of  the  fossate -complex. 

The  labium  of  larval -ectognathates  is  a  generalized  structure 
exhibiting  abbreviation  of  many  elements,  but  lacking  the  labiohypo- 
pharyngeal  spinneret  of  mandibulobrustiates ,  sericterates  and  possibly 
reduced- trophies .  Thus  larval -ectognathates  possess  a  lingulate  or 
otherwise  generalized  ligula  rather  than  a  ligula  modified  into  an 
elongate,  duct-bearing  spinneret.  An  associated  labial  feature  is  the 
presence  of  robust,  usually  two-segmented  palps,  unlike  the  aciculate  or 
stubby  palps  associated  with  the  labiohypopharyngeal  spinneret  of  the 
three  other  mouthpart  classes . 

The  larval -ectognathate  mouthpart  class  can  only  be  confused  with 
mouthpart  classes  composed  of  holometabolous  larvae.  Cranial  capsules 
of  holometabolous  larvae  are  found  in  mouthpart  classes  other  than 
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larval -ectognathates  and  they  can  be  differentiated  from  larval  - 
ectognathates  by  features  of  the  mouthparts  mentioned  above.  Because  of 
the  presence  of  generalized,  unelaborated  mouthpart  elements  and  the 
lack  of  fusion  between  or  among  mouthpart  regions,  larval -ectognathates 
can  be  differentiated  from  all  other,  more  specialized  mouthpart  classes 
containing  aquatic  or  terrestrial  larvae. 

Diversity  and  Natural  History.  Members  of  the  larval  ectognathate 
moutpart  class  occur  in  virtually  every  terrestrial,  freshwater  and 
occasionally  marine  habitat  and  consume  the  entire  spectrum  of  insect 
diets  (Fig.  38).  Larval -ectognathates  are  predatory  carnivores  on 
terrestrial  and  freshwater  arthropods  and  other  invertebrates;  they 
inhabit  the  spatiotemporally  restricted  habitats  of  dung,  carrion  and 
fungi;  and  they  consume  the  seed  plant  organs  of  roots,  stems,  leaves 
and  reproductive  structures  (Fig.  38) .  They  are  have  partitioned  each 
of  these  plant  organs  according  to  tissue  type.  For  example,  stem 
consumers  include  wood-borers,  bark  "engravers,"  pith-miners,  consumers 
of  phloem  and  xylem  and  feeders  on  cambial  tissue.  For  a  sampling  of 
the  variety  of  diets  possessed  by  larval - ectognathates ,  the  reader  is 
referred  to  Balduf  (1935)  and  Johnson  and  Lyon  (1976)  for  examples. 

Larval -ectognathates  comprise  the  larval  stages  of  virtually  all 
coleopterans ,  apparently  all  mecopterans  and  siphonapterans  and  a  few 
plesiomorphic  lepidopterans  and  dipterans.  The  degree  of  convergence 
among  larval  ectognathates  is  difficult  to  assess  and  is  dependent  on 
estimates  of  sister- group  relationships  among  plesiomorphic  holometa- 
bolous  clades  (see  Fig.  40  for  one  version).  For  example,  if  the  unique 
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mouthparts  of  plannipenians  (Section  8.4.2)  were  a  derived  condition 
from  ancestors  possessing  larval -ectognathate  mouthparts  and  if  the 
larval  mouthparts  of  megalopterans  and  raphidiopterans  were  also 
secondarily  derived,  then  the  most  parsimonious  (though  not  necessarily 
most  likely)  scenario  for  the  orgin  of  larval -ectognathate  mouthparts  is 
that  they  are  diphyletic.  This  scenario  posits  a  origin  in  a  Neuro- 
pteroidea  +  (Diptera  +  [Mecoptera  +  Siphonaptera] )  clade  and  an  origin 
in  the  Lepidoptera.  A  different  scenario  places  an  independent  origin 
of  larval  ectognathates  among  the  Coleoptera  from  a  fos sate -complex 
archetype  and  other  separate  derivations  into  Siphonaptera  +  Mecoptera, 
Diptera,  and  Lepidoptera  clades,  indicating  a  quadriphyletic  origin  of 
the  mouthpart  class.  However,  further  research  needs  to  be  conducted  on 
the  basal  synapomorphies  of  major  holomeabolan  clades  (KOningsmann  1976, 
Hennig  1981,  Kristensen  1981)  to  provide  clarification  of  the  above 
suggestions . 

The  fossil  history  of  larval -ectognathates  extends  to  the  Late 
Carboniferous  and  conceivably  to  the  Early  Devonian  (Fig.  40).  During 
the  transition  from  the  Paleozoic  insect  fauna  to  the  modern  insect 
fauna  during  the  Permian,  the  taxonomic  diversity  of  larval -ectognath¬ 
ates  must  have  risen  dramatically.  It  is  probable  that  by  the  Early 
Mesozoic  they  increased  their  proportional  representation  to  the  level 
of  today.  Currently  larval -ectognathates  have  members  from  five  orders, 
167  families  and  approximately  313,000  species.  Although  they  only 
represent  12%  of  the  data-set  they  comprise  about  22%  of  modem  hexapods 
(Table  5,  Fig.  131)  when  normalized  to  the  taxonomic  proportions  of  the 
extant  hexapod  fauna  (Appendix  D) .  This  corresponds  to  a  rank- order  of 
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2  among  the  34  mouthpart  classes  (Fig.  131).  Alhough  the  scope  of  life- 
habits  and  dietary  specializations  of  larval -ectognathates  are  too 
varied  and  numerous  to  recount  here,  I  will  provide  only  a  brief  sketch 
of  their  dietary  breadth. 

Among  coleopterans,  archostemmatans  appear  to  be  associated  with 
bark  or  rotting  wood  (Hamilton  1978,  Crowson  1981).  Myxophagans  are 
very  small,  cryptic  forms  that  ingest  filamentous  algae  and  possibly 
fungal  mycelia,  often  in  aquatic  habitats  (Crowson  1981).  Adephagan 
larvae  are  campodeiform  and  active,  mobile  predators  in  aquatic  and 
terrestrial  habitats  that  possess  prominent,  exserted  heads  which  bear 
large,  usually  falcate  mandibles.  For  primitive  members  of  the  Poly- 
phaga,  such  as  the  Staphylinoidea  and  Hydrophiloidea,  larval  members  are 
terrestrial  or  aquatic,  predatory  larvae;  within  the  Eucinetoidea, 
Dascilloidea,  Scarabaeoidea,  Byrrhoidea,  Dryopoidea,  Elateroidea  and 
Dermestoidea  there  is  a  trend  toward  feeding  on  detritus,  carrion,  roots 
and  rotting  wood  but  rarely  green  plant  tissue.  Buprestoids,  Bostrich- 
oids  and  Lymnexoids  are  wood-borers  and  range  from  taxa  feeding  on  live 
wood  to  those  occurring  on  highly  decomposed  logs.  Most  cleroids  are 
predaceous  and  insectivorous.  In  the  Cucujoidea,  Tenebrionoidea, 
Chrysomeloidea  and  Curculionoidea  the  dominant  trend  is  consumption 
of  live  plant  and  fungal  tissues,  including  folivory,  frugivory, 
sporivory/pollenivory,  nectarivory,  fresh  wood,  seeds,  grain  and  roots; 
only  infrequently  are  rotting  tissues  and  insects  consumed.  The  only 
significant  carnivores  or  insectivores  in  these  four  superfamilies  are 
members  of  the  families  Cucujidae,  Colydiidae  and  Coccinellidae  (Balduf 
1935) .  Mecopteran  larvae  are  scavengers  or  active  predators  (Richards 
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and  Davies  1977) ,  though  they  avidly  consume  spores  and  pollen  when 
given  an  opportunity  (Malyshev  1968) .  Siphonapteran  larvae  consume  shed 
dermal  products  and  organic  waste  (Brues  1972) ,  but  rarely  blood. 
Eriocranoid  lepidopterans  are  browsers  on  moss  or  grass  stems  or 
possibly  detritivores  (Kristensen  1984b) . 

Structural  Themes.  The  Larval  Ectognathate  Mouthpart  class  is 
interpreted  to  possess  13  discrete  subclusters  (Fig.  39).  This  mouth- 
part  class  presents  a  unique  pattern  in  terms  of  scale  (164  taxa)  and 
the  relatively  long  branch- lengths  that  separate  highly  homogenous 
clusters.  This  pattern  indicates  a  high  level  of  discreteness  to  the  13 
subclusters  of  the  cluster- -a  discreteness  which  often  parallels 
taxonomic  patterns  and  food  utilization  trends  among  several  holometa- 
bolous  orders  and  particularly  within  coleopterans .  Phenetic  differ¬ 
ences  among  the  subclusters  are  attributable  to  approximately  14 
characters  from  predominately  the  clypeal/labral ,  mandibular ,  maxillary 
and  labial  mouthpart  regions  that  have  character -state  distributions 
that  isolate  subclusters.  Similarities  among  clusters  and  thus  unity  of 
the  mouthpart  class  is  indicated  by  relatively  uniform  and  stable 
character- state  distributions  in  the  head  region  and  aspects  of  overall 
mouthpart  structure  (see  Appendix  A) . 

Subcluster  1  (bracketed  by  data-set  nos.  402  to  551  in  Fig.  39) 
consists  of  a  semiaquatic  myxophagan  hydroscaphid  and,  among  the 
Polyphaga,  the  wireworm-like  Trichentomidae  and  especially  root-feeding 
wireworms  of  the  Elateroidea  (Elateridae,  Cebrionidae) .  Of  considerably 
greater  diversity  is  Subcluster  2,  comprising  a  broad  spectrum  of  17 
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FIGURE  39.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Larval 
Ectognathate  Mouthpart  Class.  Part  A  is  vertically  foreshortened, 
indicated  by  parallel  ragged  lines.  See  Fig.  28  for  relationships  of 
this  mouthpart  class  to  other  mouthpart  classes . 
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larval  ectognathate  mouthparts 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


274 


o>o>  toow  co  n  id  r-  o  o»v  anv  *r  in  *-  co  ooim  oino  w  h*  wcor-  o  cm  id  «o  o  *•  f»  tt  o  *- 

N.C3  soot  OOIOIMOO  IOOI  CO  f"  O)  Ok  (O  (0  CO  O)  ©  0>  O  O  T-  1-  CO  CO  O)  TT  tT  «T  ID  ID  CD  OT  ®-  *-  »-  CM  Tf  r*  ST  OO 

V  to  <D  CD  ID  inintD(D(0C0C0(0(D(0  ID  ID  (D  CD  CD  CDCDID  (0(0  (0(0  (0(0(0(010(0  (0(0  10(0(0  (OO  CD  CD  (D  ID  (0(0  NN 

-J->  —*—*—*  -1-1  -I-I  -i-J  -i-1  JJJ  JJJ  _J  _|  _J_|  _j  -J  — t _ i _ i  _|  _j  j  j  j  _i  _J  jj  JJ  JJ  -i  -J 

OO  OOO  OOOOOOOOOOOOOOOOOO  OOOOOOOOOOOO  OOO  OO  OO  OO  OO  OO 

OO  OOO  OOOOOOOOOOOOOOOOOO  OOOOOOOOOOOO  OOOOOOOOOOOOO 


5T« 

o  £  c  «  « 
a  c  5s 
“’2  Q.5g 

^lasg 

5  i  a  <5  x 

«s  gs* 
Sg  til 

•-*5  UiNO 


0  S- 


i  3  (f. 
a  -2  a  05 
5  2  a 

jio  oo 

i  o  3:^ 


c  ®  S| 
£  c 


2  S  ^  «  ‘ 
g*  u  ®  c  «» 
c  Q-5  cj 
iase'C 
o»  o  o  a  c  5  . 

as  ‘■.D  : 
o*  o  BS 
®  «  g  s  ga 

111 if!: 

>s2u  * 

xSco  so.  to  < 


i  so-  S  ^  , 

,  5  •>  V8  S' 

!  o  3  S  S  "  j 

i  c  a>« v  i 

»  01  ®  c  g  a  : 

i  2ft 


»  «#  t»  q  S 
:  -a  q 
:  a-c  o? 

o2  -ao. 

l  -C  Q.  0(0 
N  r  C  u 
.  C  *»  q  ^ 
I  ^  O  -J-4 


. 

a  a  s- 

«  c  ■  a 

01  g  ® 

3  44  E- 

So  5  £ 

=  ®  ®a 

So.  °  O. 

|8f5 

is  OS 


LARVAL  ECTOGNATHATE  MOUTHPARTS 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


275 


289  TOO 
ZS9  TOO 
E99  TOO 
809  TOO 
609  TOO 
VSOl  Ibl 

S89  TOO 
299  TOO 
E8S  TOO 
Oil  03W 
191  03W 
E9Z  03 W 
8601-  d3T 
III  03 W 
6  IZ  TOO 
ZtZ  TOO 
L6S  TOO 

68S  TOO 
88S  TOO 
S6fr  TOO 
06fr  TOO 
98t>  TOO 
*B*  TOO 
I9t  TOO 
ZB*  TOO 


SI*  TOO 
ll*  TOO 
ZL*  TOO 
ZB*  TOO 
SZ*  TOO 
2E9  TOO 
Z8S  TOO 
S8S  TOO 
**S  TOO 
OfrS  TOO 
St'S  TOO 
Zts  TOO 
ZES  TOO 
6ZS  TOO 
28S  TOO 
08S  TOO 
109  TOO 
frES  TOO 

*11  TOO 
ElZ  TOO 
2  IZ  TOO 
60Z  TOO 
80Z  TOO 
frOZ  TOO 
92Z  TOO 
St rl  TOO 
9CZ  TOO 
OEZ  TOO 
E2Z  TOO 
22Z  TOO 

2EZ  TOO 
90Z  TOO 
9E9  TOO 
0S9  TOO 
Z*9  TOO 
229  TOO 


*ds  . eijqofj 

.smootum  BIOpUtOtQ 

■ds  . sniedJBH 
.eiueqdooAs  buiosojbj 
*ds  joisfpBg 
. si/epioostp  sndoiBiuauv 
•ds  . sejtJBOs 
•ds  jdjsBSofqio 
.s/W  sepueqdBoouejo 
,sidoaqo  enAsdouax 
.sn/B/Dse;  snuAsdosoN 

.sdoofuiioad  BfiAsdojdei 
jtuBtfWM  snuAsdoiBj&Q 
.BJnUBfOUJ  SepJBOBN 

jjeuiBju  sn/ue6ojotd 

•ds  .eAjpooiBijQ 
.sadt/\Bjo  tunmoBjqojedoqy 
.BlBtmUBS  BJOI0H 

. siuuadfiBi  eqoAsdouoBAjqd 

.sapiuoifnojno  snjaioAyj 
. snoijojejuB  sdojAwuad 
.snjnuiu/  snSeqdoqdB$ 
.snjajde  snoemqojaidv 
ms lujoomd  snoBwg 
mS!ununuoo  sdjouBd 

jSUBS  BfUBJOOfjg 

,sneiunjq  snejog 
. snajouuetu  snfjedng 
,snj£pse/  snjaoeBJv 
jni  snjeujoBno 
jsPBepf  eiusapoqou± 
.tuniBfJis  uintqouv 
•ds  ,Bid  Biot  oh 
•ds  ,Lunip!JBeqds 
. sniBtnSuBui  snojpAy 
.sapioqejBO  sntiqdojpAn 
'Snaeisai  snjpAquqd 
•ds  ,snrqojpAH 

.snieiinBiq  snuais 
, sniofd  snufdoumj. 
•ds  .snui/Aqdeis 
jafiujenbs  snqoojpAn 
jotooiPHt  i  snqi  ueoojpAp 
*ds  .isdi/oj quv 
.sw/oap  Bioiqoos 
. stuo I  sepuBdv 
•ds  .sn/o/H 
,sajApoiBoji  snfutun 
,Bieuajo  simiauais 
•ds  ,snqouBH 
,SHIOO!JJBS  B{  Mo  Bp  on  id 
joioofun  uojpudposoN 
,snutd/nA  saiseiujaa 

,sniefosBf  snuajqiuv 
. snainjaoo  sbiAsbq 
sniBfOSB/  snqjjAg 
. Bsouidsqns  BJOqdoBnaz 
J wnaoBisai  BuuapojaBqds 
,tunjotuau  BiBJionAqd 
.seoBisai  BdSIH 
.euaBjaiuoqiuBx  BtiaonjaiBQ 
.lurvosfd  snqorug 
jewutui  suBSdng 
juib  snuasqouAqy 
.sipuBqooBS  s/jaioAujng 

9B!JBUBJ6  BJpUBfBQ 

,snuaB  saqqouAqy 
. SBiosjqiUB  snutqjoiojd 

.snato  snuoiQ 
jSejedSB  suaootjQ 
.sruau/nAiq  snjooo/iqo 
.BiejJis  eAjpuBfayi 
.1 BlBtmSOO  BJOpOUBO 
jojoojun  etuoiti± 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


LARVAL  ECTOGNATHATE  MOUTHPARTS 


276 


families  of  adephagan  and  polyphagan  coleopterans  and  micropterygid 
lepidopterans .  Within  this  subcluster  adephagans  and  staphylinoid 
polyphagans  are  predaceous  on  other  insects  whereas  the  more  apomorphic 
groups --hydrophilo ids,  eucinetoids,  dascilloids,  scarabaeoids  and 
cucuj oids- -are  overwhelmingly  associated  with  diets  involving  the 
consumption  of  decomposing  wood  or  litter,  roots,  fungi  and  live  plant 
tissue.  The  micropterygids  Micropteryx  calthella  (1091)  and  SabaCinca 
barbarica  (1095)  are  browsers  on  mosses  and  grass  stems.  Subcluster  3 
(479  to  680)  comprises  predatory  pselaphid,  coccinellid  and  meloid 
coleopterans.  The  most  taxonomically  diverse  assemblage  is  Subcluster  4 
(593  to  701)  and  consists  of  44  taxa  of  plesiomorphic  coleopterans 
(Cleroidea,  Cucuj oidea,  Tenebrionoidea,  Chrysomeloidea)  occurring  in  a 
diversity  of  plant-associated  habitats  and  includes  forms  that  feed  on 
decomposing  wood  and  litter,  fungivores  and  a  subgroup  of  predatory 
carnivores.  Subcluster  5  (622  to  714)  is  comprised  of  10  families  of 
highly  plesiomorphic  poly  phagans  (Cucuj oidea,  Chrysomeloidea,  Curculio- 
noidea)  that  feed  on  foliage,  fungi  and  to  a  lesser  extent  other 
insects.  Members  of  this  subcluster  bear  well -developed  mouthparts  for 

shearing  leafy  material  or  macerating  fungal  sporocarps  and  mycelia. 

0 

Subcluster  6  (534  to  587)  consists  of  nine  families  of  coleopterans  of 
an  intermediate  level  of  phylogenetic  development  (Byrrhoidea,  Dryo- 
poidea,  Dermestoidea,  Bostrichoidea,  Cleroidea)  that  occur  in  live  and 
dead  wood,  litter,  carrion  and  less  commonly  on  roots  and  leaves.  By 
contrast  Subcluster  7  consists  only  of  the  distinctive  corylophid 
Arthrolips  (Cucujoidea,  632)  and  is  apparently  associated  with  decom¬ 
posed  wood.  Subcluster  8  (435  to  495)  contains  an  ecologically 
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different  group  of  predaceous,  aquatic  or  terrestrial  coleopterans , 
namely  noterids,  staphylinids ,  hydrophilids  and  histerids.  Subcluster  9 
(580  to  770)  incorporates  wood-boring  and  litter -consuming  bostrichoid 
and  curculionoid  coleopterans,  four  families  of  carrion- consuming  meco- 
pterans  and  leaf -mining  eriocraniid  lepidopterans .  This  ordinally 
diverse  assemblage  represents  a  primary  or  secondary  generalized 
mouthpart  condition,  admitting  of  a  rather  eclectic  spectrum  of  food¬ 
stuffs.  Subcluster  10  (583  to  682)  includes  eight  families  of  dermes- 
toid,  cucujoid  and  tenetrionoid  polyphagans  and  a  phryganopsychid 
trichopteran.  These  taxa  have  life-habits  that  are  poorly  known, 
although  most  forms  are  apparently  associated  with  wood  and  others  are 
fungal  and  sap  feeders.  Inclusion  of  an  aquatic  trichopteran  larva  in 
this  subcluster  is  anomalous.  Subcluster  11  (777  to  854)  comprises 
maggotlike  siphonapteran  larvae  and  one  member  of  the  dipteran  bibionoid 
family  Anisopodidae .  The  dipteran  larva  is  structurally  similar  to  the 
siphonapteran  larvae  and  both  have  generalized  mouthparts.  Although 
siphonapteran  larvae  are  ectoparasitic  on  warm-blooded  hosts,  they  feed 
on  fur-contained  organic  debris  and  sloughed  dermal  material,  and  in 
many  respects  possess  diets  similar  to  the  detritivory  of  larval 
anisopodids.  Subcluster  12  consists  of  two  predatory  species,  a  carabid 
and  an  artematopodid.  Subcluster  13  (406  to  421)  is  comprised  of 
entirely  predatory  carabid  species  with  pronounced  mouthpart  elements, 
especially  mandibles,  for  securing  prey. 

Geochrono logic  History.  A  pair  of  apparently  ectognathous  jaws, 
Rhyniognatha  hirst i  Tillyard,  were  described  from  the  Early  Devonian 
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Rhynie  biota  of  Scotland  [104]  and  were  considered  larval  mandibles  by 
Hirst  and  Maulik  (1926) .  They  are  reminiscent  of  larval  coleopteran 
mandibles.  Although  Tillyard  (1928)  considered  these  mandibles  as 
orthopteroid  in  origin,  recently  Whalley  (in  Selden  1985)  indicated  that 
Rhyniognatha  may  be  a  myriapod.  Since  the  taxonomic  status  of  Rhynlo- 
gnatha  remains  in  doubt,  the  possibility  of  larval -ectognathates  during 
the  Early  Devonian  can  not  be  excluded  (see  Ktthne  and  Schltiter  1985) . 

Recently  a  caterpillar-like  larva  exhibiting  similarities  to  the 
Mecoptera  and  Hymenoptera  was  discovered  in  the  Late  Carboniferous  Mazon 
Creek  locality  of  the  central  U.S.  [96]  (Kukalovd-Peck  1988).  This 
earliest  documented  occurrence  of  a  holometabolous  insect  confirms  the 
predictions  of  some  (e.g.  Malyshev  1968,  KOningsmann  1976)  that  the  most 
plesiomorphic  holometabolous  insect  should  be  a  member  of  the  stem-group 
of  Hymenoptera  +  Mecoptera,  and  that  its  immature  stage  should  be  a 
detritivorous  or  spore -consuming,  ambulatory,  eruciform  larva  similar  to 
a  caterpillar.  Indirect  evidence  for  Late  Carboniferous  sporivory  and 
detritivory  is  present  (Labandeira  and  Beall  1990)  although  the  respon¬ 
sible  insects  remain  unknown.  This  fossil  marks  the  earliest  known 
occurrence  of  the  larval -ectognathate  mouthpart  class. 

The  earliest  adult  insect  fossils  whose  larvae  are  members  are 
larval -ectognathates  include  archostemmatan  coleopterans  of  the  family 
Tschekardocoleidae  from  latest  Carboniferous  to  earliest  Permian 
deposits  from  Czechoslovakia  (Crowson  et  al.  1967,  but  see  Kukalovd 
1969)  (Fig.  40) .  Undoubted  archostemmatan  coleopterans  occur  in  younger 
Early  Permian  strata  of  the  Kuznetsk  Basin  from  the  USSR  [97] 
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(Rohdendorf  et  al.  1961,  Ponomarenko  1969).  The  earliest  occurring 
fossil  adephagans  are  several  taxa  from  the  Early  Triassic  of  the  USSR 
[82]  (Ponomarenko  1977b)  and  the  earliest  record  of  polyphagans  is 
probably  a  silphid  from  the  Late  Triassic  of  South  Africa  [78]  (Pono¬ 
marenko  1977b),  although  slightly  younger  probable  nitidulids  and 
buprestids  have  been  recorded  from  the  eastern  U.S.  [76]  (Olsen  et  al. 
1978) .  The  earliest  reliable  occurrence  of  a  polyphagan  are  ademosynids 
from  the  Late  Triassic  of  the  USSR  (Ponomarenko  1977b;  Crowson  1981). 

The  earliest  adult  mecopteran  body  fossils  are  wings  found  in  the 
Late  Carboniferous  to  Early  Permian  deposits  of  the  Kusnetsk  Basin  [97] 
(Martynova  1958,  Rohdendorf  et  al.  1961).  Numerous  mecopteran  taxa  have 
been  described  from  this  locality,  including  the  archaic  family  Proto - 
meropeidae.  Somewhat  younger  taxa  are  recorded  from  the  Early  Permian 
deposits  from  Elmo,  Kansas  (90]  (Tillyard  1926b)  and  Chekarda,  USSR  [89] 
(Zalessky  1946) .  The  earliest  documented  eumecopterans  are  nannochoris- 
tids  and  robinjohnids  from  the  Late  Permian  of  New  South  Wales,  Austra¬ 
lia  [83]  (Tillyard  1926d,  Riek  1970b).  Neomecopterans  consist  of  the 
single  family  Boreidae  and  have  a  poor  fossil  record;  the  only  confi¬ 
dently  assigned  occurence  is  from  the  Middle  Jurassic  of  the  USSR 
(Rasnitsyn  1988).  As  is  typical  for  parasitic  insects,  siphonapterans 
have  a  very  poor  fossil  record.  Pulicoids  and  an  unnamed  family  has 
been  documented  from  the  Lower  Cretaceous  of  Victoria,  Australia  [53] 
(Jell  and  Duncan  1986),  although  younger,  Baltic  amber  [19]  specimens 
have  been  known  for  a  long  time  (Dampf  1910) .  It  is  possible  that 
siphonapterans  extend  to  the  Late  Paleozoic  since  there  is  convincing 
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evidence  for  a  sister- group  relationship  with  the  Mecoptera  (Jamieson 
1987,  Willman  1989).  It  is  highly  likely  that  the  anisopodid  dipteran, 
a  member  of  the  larval  ectognathate  mouthpart  class  (no.  854)  and  a 
member  of  the  superfamily  Bibionoidea,  had  ancestors  during  the  Late 
Triassic  since  bibionid  nematocerans  have  been  recorded  from  Eastern  US 
sediments  of  this  age  [76]  (Olsen  et  al.  1978).  Since  zeuglopteran 
micropterygids  and  dacnonymphan  eriocraniids  are  also  larval - 
ectognathates ,  their  fossil  history  can  be  traced  respectively  to  the 
Early  Jurassic  of  England  [69]  (Whalley  1985)  and  to  the  Early  Creta¬ 
ceous  of  the  USSR  [52]  (Skalski  1979a,  Whalley  1986). 

The  body  fossil  record  of  the  adult  stages  of  larval  ectognathates 
currently  indicates  an  origin  during  the  Late  Carboniferous  and  gradual, 
restrained  expansion  during  the  Permian,  followed  by  an  adaptive 
radiation  of  particularly  coleopterans  during  the  Triassic  (Fig.  40). 

By  the  Late  Jurassic  there  is  fossil  evidence  for  the  existence  of  17  of 
the  20  major  suborders  and  polyphagan  superfamilies.  Mecopterans 
probably  experienced  a  similar  initial  rise  in  numbers,  although  their 
family-level  Permian  diversity  was  twice  their  extant  diversity  (Carpen¬ 
ter  and  Burnham  1985) .  Circumstantial  evidence  from  a  diverse  Upper 
Triassic  fauna  of  dipterans  [73]  (Rohdendorf  1974,  1980)  and  the 
occurrence  of  Mecoptera  as  the  sister- group  to  Diptera  during  the  Late 
Carboniferous  and  Early  Permian  indicates  that  plesiomorphic  dipterans 
probably  experienced  at  least  a  modest  taxonomic  expansion  during  the 
Permian  and  Triassic. 
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Much  of  the  success  of  insects  has  been  attributed  to  the  decoup¬ 
ling  of  a  immature,  nutritive  phase  from  an  adult,  reproductive  phase, 
such  that  a  species  could  conveniently  exploit  two  different  environ¬ 
ments  that  are  temporally  displaced  for  providing  year-round  sustenance 
(Hinton  1977).  The  direct  fossil  documentation  of  this  transition  from 
a  nonmetamorphic-  to  a  metamorphic- dominated  fauna  is  difficult  since 
larvae  are  invariably  soft-bodied  and  do  not  preserve  as  well  as  their 
more  sclerotized  adults.  However,  during  the  Late  Carboniferous,  the 
nonmetamorphic  component  of  the  insect  fauna  was  probably  close  to  95% 
judging  from  the  rarity  of  fossils  morphologically  assignable  to 
metamorphic  clades;  currently  metamorphic  insects  constitute  88%  of  the 
total  insect  fauna  (Appendix  D) .  Adult  fossil  evidence  indicates  this 
major  developmental  shift  occurred  during  the  Permian  and  by  the  Early 
Triassic  the  insect  fauna  was  essentially  modern  (Sepkoski  and  Hulver 
1985).  Thus  during  the  Early  Mesozoic  or  earlier,  larval  instars  must 
have  invaded  myriad  habitats  and  established  themselves  as  major 
ecosystem  elements.  (The  fossil  documentation  of  other  larval  mouthpart 
classes  during  the  Late  Paleozoic  and  Mesozoic  is  provided  by  sections 
dealing  with  the  geochronologic  histories  of  the  mouthbrush,  mandibulo- 
brustiate,  sericterate,  fossate- complex,  tubulomandibulate  and  mouthhook 
mouthpart  classes . ) 

Evidence  for  the  presence  and  diversification  of  larval - 
ectognathates  can  be  inferred  from  the  relatively  rich  fossil  record  of 
their  respective  adult  stages.  This  approach  allows  for  the  extrapola¬ 
tion  of  many  larval  life-habits  into  the  Mesozoic,  with  times  of  origi¬ 
nation  determined  by  cladogenetic  relationships  and  fossil  occurrences 
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of  relevant  sister-groups.  Given  the  phylogram  of  Fig.  40,  most  major 
larva  life-habits,  including  aquatic  and  terrestrial  predators,  external 
foliage  feeders,  wood-borers,  carrion- feeders ,  fungivores  and  others  can 
be  extended  to  the  Early  Jurassic  for  most  superfamilies.  Alternative 
approaches  consider  (i)  the  indirect  evidence  of  trace  fossils,  particu¬ 
larly  insect  damage  on  seed  plants  and  (ii)  the  limited  fossil  record  of 
relevant  larvae. 

With  the  probable  exception  of  leaf-mining  (see  Section  8.3.14), 
wood-boring  has  the  second  best  fossil  record  for  indicating  insect 
damage  on  vascular  plants.  Except  for  wood-boring  from  Late  Carbonifer¬ 
ous  swamp  forests  (Cichan  and  Taylor  1982,  Scott  and  Taylor  1983, 
Labandeira  and  Beall  1990) ,  the  earliest  known  documentation  of  coleo- 
pteran-mediated  wood-boring  originates  from  Late  Triassic  petrified 
woods  of  the  Chinle  Formation  of  Arizona  [77]  (Walker  1938)  and  the 
Keuper  Series  of  Germany  (Linck  1949) .  Walker  (1939)  attributed  three 
distinctive  patterns  of  subcortical  tunnels  to  buprested  and  curculionid 
adults  and  larvae,  whereas  Linck  (1949)  considered  his  penecontempora- 
neous  borings  to  be  constructed  by  larval  anobiid  beetles .  Crowson 
(1981)  has  interpreted  both  occurrences  as  evidence  for  wood-boring  by 
larval  archostemmatans  such  as  ommatids  and  cupedids.  From  a  Middle 
Jurassic  deposit  of  China,  Zhiyan  and  Bole  have  described  from  a 
permineralized  gymnosperm  a  fecal  pellet- laden  burrow  networks  with 
reaction  tissue.  Although  they  attribute  their  burrow  galleries  to 
adult  coleopterans ,  a  larval  coleopteran  culprit  is  more  likely.  From 
the  Early  Cretaceous  of  England  (57]  Blair  (1943)  described  scolytine- 
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type  subcortical  burrows  on  a  probable  conifer,  although  Crowson  (1981) 
prefers  a  nonscolytine  curculionid  with  scolytine-habits  as  the  culprit. 
Finally  Delevoryas  (1968)  has  presented  good  evidence  for  insect- 
mediated  tissue  damage  to  the  strobilar  axes  of  Early  Cretaceous 
cycadeoids  [50]  .  Crowson  (1981)  interprets  this  cycadeoid  damage  as 
originating  from  phalacrid  or  byturrid  larvae  and  is  similar  in  style  to 
the  damage  these  larvae  make  on  capitula  of  extant  Compositae. 

The  fossil  record  of  larval -ectognathates  is  biased  toward 
preservation  of  freshwater  forms.  Ponomarenko  (1977b)  has  described 
predatory  aquatic  larvae  of  the  extinct  dytiscid-like  Parahygrobiidae 
from  the  Middle/Late  Jurassic  of  the  USSR  [62] .  Larval  parahydrobiids 
bore  conspicuous,  falcate  mandibles  and  relatively  long,  maxillary 
palps.  From  the  Late  Jurassic  Karatau  deposits  of  the  USSR  [60] 
Ponomarenko  (1977b)  has  also  figured  a  probable  helophorine  scarabaeid 
larva  (Crowson  1981)  that  inhabited  a  freshwater  or  possibly  brackish 
environment.  A  first  instar  larva  of  the  archostemmatan  Micromalthus 
has  been  noted  from  Lebanese  amber  [55]  by  Crowson  (1981).  The  large, 
predaceous  aquatic  larvae  of  the  extinct  Coptoclavidae  was  found  from 
the  Lower  Cretaceous  of  Mongolia  and  has  been  restored  by  Ponomarenko 
(1977b).  Lastly,  Jell  and  Duncan  (1986)  have  identified  several 
predaceous ,  aquatic  and  terrestrial  larvae  from  the  Lower  Cretaceous  of 
Victoria,  Australia  [53],  Described  forms  include  dytiscids,  hydro- 
philids,  helodids  and  a  mecopteran  belonging  to  Naimochorista. 

These  data  collectively  document  some  of  the  habitats  occupied  by 
larval -ectognathates  during  the  Mesozoic.  Because  of  the  poor 
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preservational  potential  of  larval  ectognathates ,  much  of  their  histori¬ 
cal  expansion  onto  terrestrial  and  freshwater  habitats  can  currently 
only  be  inferred  from  the  fossil  records  of  their  respective  adult 
stages . 

Previous  Designations.  When  compared  to  discussions  of  other 
mouthpart  types ,  the  distinctive  larval  mouthparts  of  mecopterans , 
siphonapterans ,  generalized  nematoceran  dipterans ,  primitive  lepido- 
pterans  and  especially  most  coleopterans ,  have  been  ignored.  Apparently 
the  masticatory  mouthparts  from  larvae  of  mandibulate  coleopterans  and 
many  other  holometabolous  groups  have  been  considered  versions  of  their 
respective  adult  chewing  mouthparts.  Thus  the  intrinsic  distinctiveness 
of  larval  mouthparts  (Fig.  28)  has  been  subsumed  under  a  broader 
category  of  "chewing  mouthparts"  in  most  reviews  of  the  subject. 

The  earliest  recorded  mention  of  insect  mouthparts  that  could 
include  larval -ectognathates  was  Aristotle,  who  mentioned  insects 
"having  teeth  and  being  omnivorous"  in  his  De  Partibus  Animalium  (Morge 
1973).  During  the  Modern  Era  Fabricius  (1775,  1799)  provided  keys  for 
mandibulate  insects,  although  holometabolous  larvae  were  never  dis¬ 
cussed.  Subsequently  MacLeay  (1921)  and  Latreille  (1832)  considered 
coleopteran  larvae  as  "mandibulate . "  About  a  century  later  Metcalf 
(1929)  was  one  of  the  first  to  include  holometabolous  larvae  in  his 
class  of  "Chewing  Type"  mouthparts  within  his  Mandibulate  Series.  This 
inclusion  was  followed  by  Metcalf  et  al.  (1962),  but  was  not  adopted  in 
James  and  Harwood's  (1969)  textbook  on  medical  entomology.  Mouthparts 
of  relevant  holometabolous  larvae  was  minimally  discussed  in  Matsuda's 
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(1965)  review  and  was  not  mentioned  by  Smith  (1985)  or  Chaudonneret ' s 
(1982-1989)  extensive  synthesis  (see  Table  6  for  further  details) . 

Bitsch  (1966)  presented  the  first  general,  comprehensive  treatment 
of  larval  coleopteran  mouthparts.  He  grouped  all  larval  coleopteran 
mouthparts  into  three  categories ,  based  on  a  primitive  to  derived 
series.  The  principal  evolutionary  trends  involved  incorporation  of  the 
clypeus  and  labrum  into  the  cranium,  reduction  of  the  posterodorsal 
regions  of  the  cranium  and  expansion  of  the  posteroventral  region. 

Denis  and  Bitsch  (1973)  recapitulated  much  of  Bitsch' s  earlier  work  on 
coleopterans  and  also  provided  good  descriptions  of  mecopteran,  siphon- 
apteran  and  micropterygid  lepidopteran  mouthparts,  without  considering 
them  a  unified  mouthpart  grouping.  Crowson  (1981)  devoted  several  pages 
in  describing  the  Baupl&n  of  the  larval  coleopteran  head  capsule  and 
mouthparts.  Crowson' s  presentation  is  the  best  summary  of  what  is 
herein  designated  as  the  larval -ectognathate  mouthpart  class.  Although 
Crowson  made  no  mention  of  mecopteran,  siphonapteran,  primitive  nema- 
tocan  and  micropterygid  heads  and  mouthparts  in  his  review  of  coleo¬ 
pteran  biology  (1981) ,  the  phenetic  similarities  in  structure  of  these 
groups  are  sufficiently  strong  (Fig.  39)  that  his  account  is  a  good 
approximation  for  the  entire  mouthpart  class.  To  my  knowledge,  the 
term,  larval - ectognathate ,  has  no  precedent  of  usage  in  the  entomologi¬ 
cal  literature. 

Review  of  Literature .  Since  coleopterans  constitute  overwhelming¬ 
ly  the  bulk  of  diversity  in  the  larval  ectognathate  mouthpart  class, 
coleopteran  data-set  sources  will  be  discussed  first.  Primary  data 
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sources  for  the  149  coleopterans  of  the  larval -ectognathate  mouthpart 
class  were  BOving  and  Craighead  (1931)  and  Peterson  (1951)  which  were 
essential  for  comprehensive  descriptions  of  head  and  mouthpart  structure 
for  114  of  these  taxa.  Accompanying  these  two  invaluable  reference 
works  were  secondary  sources  that  treated  particular  mouthpart  regions 
or  taxonomic  groups .  Studies  of  head  and  mouthpart  regions  of  selected 
larval  coleopterans  include  Crampton  (1921c)  for  several  representative 
taxa,  Anderson  (1936)  for  the  larval  labium,  Das  (1938)  for  general 
mouthpart  structure  and  musculature,  Dorsey  (1943)  for  structure  and 
musculature  of  the  labrum,  labium  and  pharynx  and  DuPorte  (1946)  for 
comparisons  of  archetypes  of  larval  cephalic  capsules.  Taxonomically- 
based  treatments  include  Verhoeff  (1923)  for  Tenebrionoidea,  Howden 
(1955)  for  Geotrupidae,  Grandi  (1959)  for  Chrysomelidae  and  Striganova 
(1967)  for  head  and  mandible  structure  of  various  larvae  burrowing  or 
boring  into  indurated  substrates . 

In  addition  to  the  two  primary  sources  and  the  above  ancillary 
reference  works,  other  general  sources  were  available  for  providing 
confirmatory  or  missing  data.  These  include  Merritt  and  Cummins  (1984) 
and  McCafferty  and  Provoshna  (1984)  for  aquatic  larvae,  and  Snodgrass 
(1928,  1935,  1960),  Arnett  (1963),  Richards  and  Davies  (1977)  and 
Crowson  (1981)  for  terrestrial  and  aquatic  forms.  These  latter  sources 
also  provided  valuable  dietary  data. 

Head  and  mouthpart  structures  for  approximaely  35  of  the  coleo- 
pteran  larval  taxa  were  provided  by  isolated  sources.  Most  of  these 
sources  are  complete  descriptions  for  particular  species.  For  the 
Adephaga  the  carabid  taxa  BadisCe r  sp.  was  described  by  Ghilarov  (1964), 
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Loricera  sp.  by  Bauer  and  Kredler  (1988)  and  Nebria  sp.  by  Evans  (1965b, 
1965c)  and  Forsythe  (1982) .  Mouthpart  and  head  structures  of  the 
haliplid  taxa  Brychius ,  Haliplus  and  Peltodytes  were  described  by 
Jaboulet  (1960) .  Among  the  Polyphaga  the  mouthpart  structure  of  several 
staphylinid  taxa  were  studied,  including  the  leiodid  Speophyes  lucidulus 
(Delarouzee)  by  Feiffe  (1965)  and  CorbiAre  (1967),  the  scymaendid 
Scymaenus  tarsatus  Milller  by  Meinert  (1988) ,  the  aberrant  staphylinid 
Stenus  biguttaCus  Linneaus  by  Weinreich  (1968) ,  and  the  pselaphid 
Trichonyx  sulcicollis  Reichenbach  by  Besuchet  (1956) .  Moulins  (1959) 
examined  the  head  and  mouthpart  structures  of  several  hydrophilids , 
including  Hydrobius  sp.,  Philhydrus  testaceus  Fabricius  and  Hydrophilus 
caraboides  Linneaus;  Quennedey  (1965)  similarly  described  Sphaeridium. 

Descriptions  of  head  and  mouthparts  from  taxa  of  Eucinetoidea 
include  the  eucinetid  Eucinetus  morio  LeConte  by  Lawrence  and  Newton 
(1980)  and  the  scirtid  Elodes  marginata  Fabricius  by  Carpenter  and 
MacDowell  (1912) ,  Beier  (1952)  and  Matsuda  (1965) .  The  dascilloid 
Dascillus  cervinus  Linneaus  was  examined  by  Carpenter  and  MacDowell 
(1912).  Among  the  Scarabaeoidea  the  passalid  Popilius  disjunctus 
Illiger  was  treated  by  Hiznay  and  Krause  (1955)  and  the  scarabaeids 
Amphimallon  majalis  (Razoymonski)  by  Butt  (1944),  Helolontha  hippo- 
castani  Fabricius  by  Subklew  (1938)  and  Oryctes  nasicomis  Linneaus  by 
Crome  (1957)  .  For  the  Drypoidea  the  limnichid  Limnius  volkmari  Panzer 
was  described  by  Delachambre  (1965)  and  the  dryopid  Riolus  by  Marvillet 
(1960).  The  elateroid  Artematopus  discoidalis  Pic,  an  artematopid,  was 
examined  by  Costa,  Cassari-Chen  and  Vanin  (1985).  Head  and  mouthpart 
studies  of  dermestoids  include  the  dermestids  Anthrenus  fasciatus  Herbst 
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by  Pradhan  (1950),  Dermestes  vulpinus  Fabricius  by  Robin-son  (1930)  and 
the  anobiid  Anobium  striatum  Linneaus  by  Verhoeff  (1923) . 

Many  studies  have  detailed  head  and  mouthpart  structure  for  the 
apomorphic  superfamilies  Cucujoidea,  Tenebrionoidea,  Chrysomeloidea  and 
Curculionoidea.  For  the  Cucujoidea,  the  phloestichid  Rhophalobrachium 
clavipes  Bohemann  and  the  propalticid  Propalticus  simplex  Crowson  and 
Sen  Gupta  were  described  by  Sen  Gupta  and  Crowson  (1966) ,  the  languriid 
Languria  angustata  Beauvois  by  Baker  and  Ellsbury  (1988) ,  the  erotylid 
Tritoma  unicolor  Say  by  Rymer-Roberts  (1958) ,  the  discolomid  Discoloma 
cassideum  Reutter  by  Emden  (1932),  and  the  coccinellid  Microweisea 
misella  LeConte  by  Gage  (1920).  For  tenebrionoids ,  several  have  been 
examined,  namely  the  pterogeniid  Pterogenius  nietneri  Candeze  by 
Lawrence  (1977),  the  perimylopid  Perimylops  obcordata  Kirby  by  St. 

George  (1939)  and  Watt  (1970) ,  the  oedomerid  Nacerdes  melanura  (Lin¬ 
neaus)  by  Rozen  (1958) ,  the  mycterid  Mycterus  curculionoides  Fabricius 
by  Crowson  and  de  Viedma  (1964) ,  and  the  trichentomid  Trichentoma 
children i  Gray  by  Gahan  (1908) .  The  chrysomelid  Hispa  testacea  Linneaus 
was  figured  by  Grandi  (1959)  and  the  curculionid  Eumycteris  sacchardis 
Barber  by  Bfiving  (1927a) . 

Larval  mecopterans  are  minimally  documented;  only  four  taxa  with 
complete  documentation  could  be  located.  The  panorpid  Panorpa  communis 
Linneaus  was  described  by  Crampton  (1917b,  1921c),  Das  (1938),  Bierbrodt 
(1943)  and  Snodgrass  (1947)  ,  the  bittacid  Bittacus  pilicomis  Westwood 
by  Setty  (1940)  and  Peterson  (1951) ,  the  apterobittacid  Apterobittacus 
apterus  (MacLachlan)  by  Applegarth  (1939) ,  Cook  (1944)  and  Snodgrass 
(1947),  and  the  boreid  Boreus  nivoriundus  Fitch  by  Peterson  (1951). 
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Larval  siphonapterans  do  not  fare  much  better,  with  only  five  taxa 
having  complete  descriptions,  all  which  are  ceratophyllids  and  pulicids. 
For  the  Ceratophyllidae  Sikes  (1930)  and  Johnson  (1957)  described 
Ceratophyllus  wickhami  Baker  and  an  allied  species,  Perfiljew  (1927) 
examined  Leptopsylla  pectiniceps  Wagner,  and  Sharif  (1937)  and  Elbel 
(1951)  documented  Nosopsyllus  fasciatus  (Bose) .  The  pulicids  Ctenoce- 
phalides  felis  (Bouch6)  was  described  by  Peterson  (1951)  and  Elbel 
(1951)  and  Xenopsylla  cheopis  Rothschild  by  Sikes  (1930)  .  The  nemato- 
ceran  anisopodid  Olbiogaster  sp.  was  described  by  Anthon  (1943b). 

Current  interest  in  the  phylogeny  of  primitive  lepidopterans  (e.g. 
Kristensen  1968a  to  1984b)  has  resulted  in  the  documentation  of  head  and 
mouthpart  structure  and  ecology  of  many  small,  rare,  plesiomorphic 
moths .  Relevant  taxa  for  the  larval  ectognathate  mouthpart  class 
include  the  micropterygids  Micropteryx  calthella  Linneaus,  documented 
by  Busck  and  BOving  (1914) ,  Portier  (1949)  and  Lorenz  (1961) ,  and 
Sabatinca  barbarica  Philpott,  documented  by  Tillyard  (1922)  and  Snod¬ 
grass  (1935) .  The  eriocraniid  Eriocrania  saxigi  Wood  and  an  allied 
species  were  described  by  Tragardh  (1913),  Jayewickreme  (1940)  and 
Hasenfuss  (1969) .  The  phryganopsychid  trichop teran  Phryganopsyche 

A' 

latipeimis  (Banks)  was  documented  by  Wiggins  (1959)  . 

8.3.6.  Maxillolabiate  Class 
(Class  5) 

Description.  Head  quadrate;  proboscis  absent  to  inconspicuous; 
gula  and  genae  prominent  to  moderately  developed.  Antennae  geniculate, 
ocelli  3  or  absent;  eyes  expansive  to  moderately- developed.  Food  pump 
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pharyngeal,  with  or  without  a  clypeal  pump.  Mouthparts  symmetrical, 
mandibulate ,  nonretractile  and  either  hypognathous  or  prognathous. 

Clypeus  quadrate  to  transversely  elongate;  single  or  rarely  rused 
to  frons.  Labrum  single  or  absent;  if  present,  quadrate  to  vertically 
elongate,  with  margin  variously  developed  (pectinate,  mucronate  or 
curvilinear).  Hypopharynx  an  inconspicuous  lobe;  epipharynx  setate  or 
absent.  Mandibles  dicondylic;  falcate  to  less  commonly  quadrangular; 
incisiform;  musculation  of  adduction/abduction.  Maxillae  fused  to 
labium  as  maxillolabial  complex.  Maxillary  stipes  elongate  to  equant; 
lacinia  penicillate,  unmodified  or  absent;  galeae  pectinate  or  lobate. 
Maxillary  palpus  of  variable  segmentation,  filiform- clavate  or  rarely 
serrate,  long  to  very  long.  Labium  generally  complete;  glossa  rasp¬ 
like;  paraglossae  pectinate  or  absent.  Palps  3-  or  4- segmented,  long  to 
very  long.  Interregional  co-optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  Maxillolabiates  are  the  only  mouthpart  class 
to  possess  an  unmodified,  nonprotractile  laxillolabial  complex  and  are 
distinguished  from  the  glossate  condition  (Section  8.7.2)  which  is 
characterized  by  specializations  of  the  maxillolabial  complex  and  other 
mouthparts  for  fluid- feeding  in  deep  cavities.  Maxillolabiates  possess 
prominent  mandibles  as  the  major  organs  of  food  procurement  rather  than 
the  variously  descleritized,  excavate  mandibles  of  glossates.  Incisi¬ 
form,  falcate  mandibles,  an  inconspicuous  lobe-like  hypopharynx  and  a 
scrobinate  glossa  are  stereotypical  elements  of  maxillolabiates.  Al¬ 
though  maxillolabiates  are  superficially  similar  to  adult- ectognathates 
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(Section  8.3.4),  adult- ectognathates  are  less  stereotyped  as  a  mouthpart 
class  and  lack  the  characteristic  maxillolabiate  complex. 

Diversity  and  Natural  History.  Maxillolabiates  constitute  an 
ecologically  important  mouthpart  class  that  includes  approximately 
46,600  species  of  apocritan  hymenopterans  in  15  families  (Appendix  D) 
that  occur  in  virtually  all  terrestrial  habitats  except  extreme  polar  or 
alpine  zones.  This  diversity  corresponds  to  a  rank-order  of  9  among  34 
mouthpart  classes  (Table  5,  Fig.  131),  indicating  a  modest  importance  in 
the  modern  hexapod  fauna.  The  taxonomic  membership  of  maxillolabiates 
includes  families  from  the  superfamilies  Proctotrupoidea  and  Chalci- 
doidea  of  the  Hymenoptera  Parasitica  and  seven  families  belonging  to  the 
superfamilies  Chrysidoidea,  Tiphioidea,  Vespoidea,  Formicoidea  and 
Sphecoidea  of  the  Hymenoptera- Aculeata.  Maxillolabiates  are  parasitoids 
or  parasites  on  other  arthropods,  and  less  commonly  free-living, 
subsocial  to  eusocial  omnivores ;  as  a  group  they  possess  a  very  eclectic 
dietary  spectrum  (Fig.  41). 

Members  from  both  maxillolabiates  and  glossates  are  often  present 
in  the  same  taxonomic  family,  an  occurrence  attributable  to  their  joint 
possession  of  a  maxillolabial  complex.  However  glossates  have  developed 
specializations  for  elongation  of  maxillolabial  elements  for  reaching 
into  deep  cavities  for  lapping  surface  fluids  whereas  maxillolabiates 
have  an  abbreviated,  unelongated  maxillolabial  complex  used  for  manipu¬ 
lating  solid  food  sequestered  by  large,  trophic  mandibles.  Whereas 
glossates  are  overwhelmingly  nectarivorous ,  maxillolabiates  are  insec¬ 
tivorous  or  less  commonly  omnivorous.  In  glossates  the  female  sting  is 
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used  individually  or  collectively  (in  a  swarm)  for  defensive  purposes 
whereas  in  maxillolabiates  the  sting  is  used  for  paralysis  of  prey.  The 
prey  is  used  as  a  substrate  for  either  the  oviposition  of  eggs  that  will 
later  parasitize  the  prey,  or  the  prey  is  transported  to  a  larval 
domicile  where  it  is  immediately  consumed. 

In  the  discussion  that  follows ,  an  emphasis  will  be  placed  on  one 
particular  group  of  maxillolabiates ,  the  ants ,  which  comprise  about  30% 
of  all  maxillolabiates  (about  14,000  species).  This  is  because  of  the 
relatively  intense  effort  devoted  to  the  study  of  ants ,  spurned  in  part 
by  major  monographic  accounts  of  Wheeler  (1910),  Wilson  (1971)  and 
Wilson  and  HOlldobler  (1990) . 

As  a  group,  maxillolabiates  other  than  ants  have  a  mixed  diet  that 
is  dominated  by  insect  protein  and  supplemented  by  pollen  and  nectar 
(Faegri  and  van  der  Pijl  1980,  Stradling  1987).  However  the  degree  to 
which  nectarivory  exists  in  maxillolabiates  is  interesting  since  it 
suggests  a  life -habit  that  may  be  antecedent  to  the  obligate  nectarivory 
of  glossates.  Among  proctotrupoids ,  the  diets  of  adults  are  poorly 
known,  although  it  is  likely  there  is  feeding  on  surface  liquids  such  as 
nectar,  honeydew  of  surface  exudates  from  parasitized  larval  hosts 
(Vinson  and  Barbosa  1987) .  Among  the  Chalcidoidea  there  is  significant 
adult  imbibation  of  surface  plant  fluids,  although  the  feeding  habits  of 
many  species  remain  unknown  because  of  their  very  small  size.  Chalci- 
dids  have  been  implicated  in  the  pollination  of  Ficus  (Moraceae)  and 
perilampids  feed  on  flowers,  aphid  honeydew  or  leaf  exudates  (Proctor 
and  Yeo  1973) .  Chrysidoids  are  somewhat  better  known  and  possess  the 
same  feeding  habits .  Dryinids  feed  on  the  honeydew  of  homopteran  nymphs 
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that  they  parasitize  for  larval  food;  on  occasion  they  will  imbibe 
honeydew  without  injury  to  the  homopteran  (Willems tein  1987,  Gauld  and 
Bolton  1988) .  Adult  female  bethyliids  will  imbibe  haemo lymph  that  oozes 
from  the  sting  sites  of  paralized  coleopteran  or  lepidopteran  larvae 
(Gauld  and  Bolton  1988) ,  a  possible  behavioral  precursor  for  the 
imbibation  of  plant  sap  or  nectar  (Willemstein  1987) .  Scolebythids  have 
unknown  feeding  habits .  Among  the  tiphioids ,  bradynobaenids  are 
suspected  anthophiles,  possibly  pollen- collectors ,  although  reliable 
data  is  lacking  (Willemstein  1987) .  One  nectarivorous  species  of  the 
related  tiphiids  are  involved  in  pollination  of  Australian  orchids  by 
pseudocopulation  (Armstrong  1979) .  Vespoids  have  well -documented 
feeding  habits  and  are  nectarivorous  and  surface  fluid  feeders  on  ripe 
fruit  and  honeydew  as  adults,  although  they  capture  insect  prey  as  food 
for  their  larvae  (Richards  and  Davies  1977,  Armstrong  1979).  On 
occasion  they  will  regurgitate  stored  fluid  food  in  their  crop  as 
nutriment  for  developing  larvae.  Sphecoids  as  a  group  paralyze  a 
diverse  assemblage  of  insects  for  larval  food  and  feed  on  floral  and 
extrafloral  nectaries  (Gauld  and  Bolton  1988)  but  are  insignificant  as 
pollinators  (Proctor  and  Yeo  1973). 

By  comparison  to  apocritan  wasps ,  the  feeding  ecology  of  ants  has 
been  extensively  documented  (Wheeler  1910,  Carroll  and  Janzen  1973, 
Stradling  1987,  Wilson  and  Holldobler  1990).  The  conspicuousness  of 
ants  in  most  ecosystems  is  at  least  partly  attributed  to  the  origin  of 
an  wingless  worker  caste  that  is  able  to  forage  in  inaccessible  micro¬ 
habitats  far  from  its  nest  (Wilson  1971) .  Unlike  termites  (to  which 
they  are  often  compared) ,  ants  are  fundamentally  predaceous  and  are  not 
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restricted  to  sites  containing  ample  supplies  of  cellulose  (Wilson 
1971) .  Finally  the  presence  of  a  metapleural  gland,  which  secretes 
substances  inhibitory  to  micro -organismic  growth,  is  important  in 
maintaining  domicile  sanitation.  As  a  family,  formicids  (ants)  may  have 
the  most  eclectic  diet  of  any  insectan  family,  with  specialist  and 
generalist  species  hunting  mobile  insect  prey,  raiding  nests  of  social 
insects,  collecting  seeds,  scavenging,  harvesting  fungal  mycelia  from 
cultured  plant  debris  and  sequestering  homopteran  honeydew  and  nectar 
(Carroll  and  Janzen  1973).  They  are  also  important  detritivores ,  sarco- 
phages  and  predators  in  carrion  communities  (Braack  1987).  Because  of 
this  unique  dietary  spectrum,  distinctive  foraging  style  and  eusocia- 
lity,  they  are  considered  as  a  separate  feeding  guild  and  comprise  a 
dominant  arthropod  feeding  guild  in  many  ecosystems  (Stork  1987) . 

In  addition  to  a  broad  dietary  reprertoire,  ants  have  established 
many  mutualisms  with  plants,  the  most  notable  is  the  ant/acacia  thorn 
commensalism  (Janzen  1966) .  In  certain  Acacia,  species  (Fabaceae)  of 
Africa  and  South  and  Central  America,  ants  inhabit  the  enlarged  bulbous 
bases  of  the  stipular  thorns .  These  ants  feed  on  extrafloral  nectar , 
nutritive  exudates  from  Beltian  bodies  on  the  pinnule  tips ,  honeydew 
from  tended  aphids  on  the  plant  and  all  accidental  animals  that  wander 
into  the  tree.  In  return  the  ants  provide  protection  to  the  plant  by 
consuming  or  otherwise  deterring  all  herbivores  attempting  to  predate  on 
the  plant  (Hocking  1980) .  Matthews  (1976)  has  suggested  that  the 
acacia/ant  mutualism  originated  evolutionarily  from  ants  that  inhabit 
advanced- stage  galls  caused  by  other  insects.  Another  mutualism  has 
been  described  by  Gray  et  al.  (1989)  wherein  ants  inhabit  the  hollow 
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pseudobulbs  of  epiphytic  orchids  in  Mexico,  packing  the  central  cavities 
with  debris,  including  dead  insects,  seeds  and  sand.  Metabolic  uptake 
of  these  materials  by  the  plant  was  demonstrated,  indicating  an  advan¬ 
tage  to  the  orchid  in  the  sequestering  of  nutrients- -an  advantage  that 
orchid  conspecifics  without  the  mutualism  would  lack.  A  third  mutualism 
involves  seed- collecting  ants  that  are  attracted  to  the  oily,  lipid- rich 
elaiasome  of  Calathea  (Marantaceae)  seeds .  After  seed  fall ,  several  ant 
species  transport  and  cachd  these  seeds  to  various  habitats,  where  ger¬ 
mination  may  ensue  if  they  are  not  readily  consumed  (Abrahamson  1989) . 

There  is  some  debate  regarding  the  role  of  ants  as  pollinators. 
Armstrong  (1979)  described  a  case  of  worker  ants  pollinating  an  orchid 
by  feeding  on  nectar  secreted  by  the  orchid  labellum.  Frost  (in  Proctor 
and  Yeo  1973)  cited  a  case  in  which  rupturewort  (Caryophyllaceae) ,  a 
small,  sprawling  plant  with  minute,  honey- scented  flowers  is  pollinated 
by  ants.  These  and  a  few  other  cases  led  Faegri  and  van  der  Pijl  (1980) 
to  consider  ants  as  important  pollinators  in  hot  desert  habitats.  They 
predicted  that  ant  pollinated  plants  should  have  a  clumped  distribution 
and  bear  flowers  that  are  close  to  the  ground,  small,  sessile,  incon¬ 
spicuous,  and  with  sweet-scented  but  minimal  nectar  rewards.  Such 
plants  would  select  for  pollinators  that  are  ambulatory,  nonflying 
insects  resistant  to  elevated  soil  surface  temperatures.  It  should  be 
noted  however  that  ants  have  rather  smooth,  nonhairy  body  surfaces  to 
which  pollen  does  not  adhere  and  their  small  size  allows  them  to  bypass 
stamens  in  larger  flowers  with  deep-seated  nectar  (Armstrong  1979). 
However,  their  extremely  high  abundance  in  many  ecosystems,  including 
deserts  (Wilson  1971),  may  compensate  for  this  structural  deficiency. 
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Structural  Themes.  Three  discrete  subclusters  distinguish 
maxillo- labiate  mouthparts  (Fig.  42).  These  are  (i)  a  seeming  heterog¬ 
enous  group  comprising  a  bradynobaenid  (Tiphioidea) ,  a  plumariid 
(Chalcidoidea)  and  the  only  norihymenopteran  in  the  class,  the  hydro - 
philid  beetle  Berosus,  (ii)  an  ant  dominated  subcluster  and  (iii)  a  wasp 
dominated  group  of  chalcidoids,  chrysidoids  and  a  proctotrupid.  The 
inclusion  of  a  beetle  in  the  first  group  is  attributable  to  the  presence 
of  sufficiently  similar  character -states  so  as  to  indicate  a  high 
similarity  to  the  two  other  members  of  the  cluster,  even  though  several 
key  character- states  that  are  important  for  maxillolabiates  are  absent 
between  Berosus  and  the  two  othermembers . 

The  ant-dominated  subcluster  comprises  a  structurally  well-unified 
group.  This  assemblage  contains  taxa  that  bear  a  falcate  mandible, 
fimbriate  galeae,  a  scrobinate  glossa  and  other  features  that  separate 
the  ant- dominated  subcluster  from  the  two  others.  The  wasp - dominated 
subcluster  by  contrast  has  several  distinguishing  features  in  almost  all 
of  its  members,  including  absence  of  a  labrum,  lacinia  and  paraglossae, 
and  presence  of  three  ocelli  instead  of  the  ocellar  absence  that  is 
typical  of  ants. 

Geochronologic  History.  Members  of  the  most  primitive  hymenop- 
teran  group,  the  Xyelidae  of  the  suborder  Symphyta,  have  a  fossil  record 
extending  to  the  Early  Triassic  of  the  USSR  [82]  (Rasnitsyn  1969).  The 
derived  group,  suborder  Aprocrita,  is  characterized  by  a  pedunculate 
waist  and  a  piercing/stinging  rather  than  a  sawing/boring  ovipositor;  it 
originated  sometime  during  the  Early  Jurassic  (Rasnitsyn  1980) ,  as 
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FIGURE  42.  Cluster  analysis  dendrogram  of  the  Maxillolabiate  Mouthpart 
Class.  See  Fig.  28  for  relationships  of  this  mouthpart  class  to 
other  mouthpart  classes. 
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evidenced  by  fossils  of  megalyrids,  stephanids  and  the  extinct  Ephiali- 
tidae  (Wootton  1986).  Particular  apocritan  subgroups,  such  as  the 
Parasitica,  are  known  from  proctotrupids  and  helorids  described  from 
Upper  Jurassic  of  the  USSR  [60]  (Kozlov  1968)  and  the  Lower  Cretaceous 
of  the  USSR  and  Australia  [53,52]  (Kozlov  1974,  Jell  and  Duncan  1986). 
These  fossils  are  followed  by  a  profusion  of  taxa  from  Late  Cretaceous 
ambers  from  Siberia,  USSR  [37]  (Zherikin  and  Sukacheva  1973)  and  Canada 
[35]  (Brues  1937)  and  are  represented  in  Baltic  amber  [19]  (Brues  1937, 
1940;  Masner  1969).  Chalcidoids  are  traceable  to  Galloromma  bezonnais- 
ensis  Schlttter  1978  [45]  and  occur  in  other  Late  Cretaceous  ambers 
[40,37,35]  but  are  less  well -represented  in  Tertiary  deposits  (see  Fig. 
43  for  details) . 

Aculeate  apocritans  probably  arose  during  the  Late  Jurassic  since 
one  of  the  most  derived  apocritan  superfamilies,  Sphecoidea,  occurs  in 
lowermost  Cretaceous  strata  [57]  (Evans  1969).  The  earliest  occurrence 
of  the  most  plesiomorphic  aculeate  group,  the  Chrysidoidea,  is  Early 
Cretaceous  [53]  (Jell  and  Duncan  1986)  and  four  chrysidoid  families  are 
represented  in  Siberian  amber  from  the  Late  Cretaceous  [37]  (Zherikin 
and  Sukacheva  1973) ,  possibly  indicating  a  radiation  during  the  Creta¬ 
ceous.  Tiphioid  occurrences  include  the  earliest  known  form,  Cretavus 
sibiricus  Sharov  1957,  which  is  probably  a  mutillid  (Rasnitsyn  1980),  as 
well  as  an  undescribed  tiphiid  from  Siberian  USSR  amber  [37]  (Zherikin 
and  Sukacheva  1973).  Another  mutillid  is  known  from  Upper  Eocene/Lower 
Oligocene  Baltic  amber  [19]  (Brothers  1974).  The  masarid  Curiovespa 
curiosa  Rasnitsyn  1975  is  from  an  Upper  Cretaceous  deposit  [39] 
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FIGURE  43 .  Geochronologic  history  of  the  Maxillolabiate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  KOnigsmann 
(1977,  1978a,  1978b).  The  taxonomic  level  of  analysis  is  the 
superfamily.  The  outgroup  is  ?Ceraphronoidea.  These  fossil  occur¬ 
rences  are  not  a  complete  inventory  of  all  documented  fossil  members 
of  this  mouthpart  class . 
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(Rasnitsyn  1975)  and  an  eumenid  is  known  from  the  Early  Eocene  of  France 
[27]  (Burnham  1978). 

Formicids  (ants)  have  a  rich  fossil  record,  and  though  200  species 
have  been  described  from  many  Tertiary  deposits  (Burnham  1978),  only 
within  the  last  25  years  have  Cretaeous  ants  been  known,  most  of  them 
from  amber  deposits.  The  earliest  documented  ant  is  from  Lebanese  amber 
[55],  mentioned  by  Hennig  (1981).  Recently  Jell  and  Duncan  (1986) 
described  an  alate  male  ant  (possibly  a  nothomyrmecine)  from  the  Lower 
Cretaceous  of  Australia  [53],  Dlussky  (1975)  recognized  ponerine  and 
sphecomyrmine  forms  from  the  Upper  Cretaceous  of  the  USSR  [37,39]  but 
later  re-evaluated  his  assignments  (Dlussky  1983) ,  considering  them 
semisocial  and  placing  them  in  a  new  family,  the  Armaniidae,  transition¬ 
al  between  scoloid  wasps  and  true  ants.  Earlier,  the  first  documented 
fossil  ant  from  the  Cretaceous  occured  in  Late  Cretacceous  New  Jersey 
amber  [36],  This  fossil,  Sphecomyrma  freyi  Wilson  and  Brown  1967  was 
described  as  possessing  a  mosaic  of  characters  transitional  between  a 
tiphioid  wasp  and  modern  ants  (Wilson  1971)  and  was  placed  in  a  mono- 
typic  subfamily,  the  Sphecomyrminae ,  within  the  Formicidae.  A  similar 
undescribed  form  has  been  recognized  in  slightly  younger  amber  from 
Canada  [35]  (Burnham  1978).  Recently  Dlussky  (1987,  1988)  determined 
that  the  Sphecomyrminae  warranted  familial  status  and,  like  the  Arma¬ 
niidae,  lacked  the  sociality  of  true  ants  because  of  the  absence  of 
certain  external  structures  associated  with  extant  members  of  the 
Formicidae.  He  considers  the  modern  Formicidae  as  having  its  origin 
during  the  Paleocene.  Fossil  occurrences  of  Early  Tertiary  ants  are 
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abundant  and  have  been  largely  described  from  the  two  richest  fossil 
deposits  for  fossil  ants- -Upper  Eocene/Lower  Oligocene  Baltic  amber  [19] 
(Wheeler  1914)  and  the  Early  Oligocene  Florissant  Formation  of  Colorado 
[15]  (Carpenter  1930).  Both  deposits  share  a  taxonomically  similar  ant 
fauna. 

Previous  Designations.  Recognition  of  the  structural  union  of  the 
maxillae  and  the  labium  as  a  single,  functioning  complex  can  be  traced 
to  Kirmayer's  (1909)  examination  of  the  mouthparts  of  Vespula,  in  which 
it  was  demonstrated  that  both  mouthpart  elements  originate  from  a  common 
region  between  the  mandibles.  This  region  was  termed  the  Mundfeldsack 
by  Ulrich  (1924).  In  Bugnion's  (1930)  monograph  on  ant  mouthparts,  the 
functional  integrity  of  the  maxillae  and  labium  was  discussed  and  he 
referred  to  the  common  structure  as  "l'appareil  maxi llo- labial."  Duncan 
(1939)  described  the  retractor/protractor  musculation  of  the  maxillary 
complex  and  Matsuda  (1965)  provided  a  comprehensive  overview  of  the 
mechanics  of  extension  for  the  maxillolabial  complex.  Thus  the  struc¬ 
tural  and  functional  uniqueness  of  the  maxilla  and  labium  in  apocritan 
hymenopterans  has  been  firmly  established  since  the  early  1900' s.  (See 
Table  6  for  details  on  the  history  of  maxillolabiate  nomenclature.) 

I  am  adopting  the  term  maxillolabiate  as  a  name  for  the  mouthpart 
class  described  herein.  Although  glossates  (Section  8.7.2)  also  have  a 
maxillolabial  complex,  it  is  uniquely  specialized  for  the  procurement  of 
deeply  hidden,  fluid  food,  mostly  floral  nectar.  The  glossate  maxillo¬ 
labial  complex  functions  by  the  characteristic  elongation  of  the  glossae 
and  the  concomitant  development  of  a  tube  during  galeal  apression  for 
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squeezing  nectar  during  glossal  retraction  (Snodgrass  1956).  Maxillo- 
labiates,  by  contrast,  lack  this  mechanism  and  possess  a  generalized 
structure  used  for  food  manipulation. 

Review  of  Literature.  Sources  of  data  used  for  maxillolabiate 
mouthpart  structure  come  from  (i)  extensive  accounts  of  apocritan 
hymenopterans ,  (ii)  monographic  accounts  of  selected  taxa,  in  which  the 
mouthparts  of  a  few  representative  species  are  mentioned  in  passing  and 
(iii)  works  on  mouthpart  structure  of  a  single  or  few  taxa.  Several 
extensive  accounts  form  a  baseline  for  investigation  of  maxillolabiates , 
including  Bugnion's  (1930)  and  Gotwald's  (1969)  extensive  and  detailed 
descriptions  of  ant  mouthpart  structure,  and  Brother's  (1975)  and 
Osten's  (1982)  phylogenetic  analysis  of  aculeate  and  scolioid  systematic 
relationships ,  in  which  mouthpart  characters  were  used  in  part  as  a 
basis  for  assessing  relationships  among  taxa.  Other  useful  studies  are 
ecologically-based  examinations  by  Janvier  (1933)  of  diverse  Chilean 
hymenopterans,  Silvestri's  (1924)  study  of  the  hymenopteran  parasites  of 
oak-galling,  tortricid  parasites,  and  Smith  and  Compere's  (1928)  docu¬ 
mentation  of  the  hymenopteran  parasites  of  the  homopteran,  black  scale. 

Major  monographic  studies  of  hymenoptean  taxa  with  important 
mouthpart  data  includes  FerriAre ' s  (1929)  examination  of  Javanese 
chalcidoids  for  the  perilampid  Perilampella  raphidophorae  Ferri&re, 
Boucek's  (1974)  study  of  the  Leucopsidae  for  Leucopis  gigas  Fabricius, 
Doutt  and  Viggiani's  (1968)  work  on  the  Trichogrammatidae  for  Tricho- 
gramma  popei  Girault,  Evans'  study  of  American  Bethylidae  for  Pristocera 
armifera  Say,  Richards'  (1939)  study  of  Britsh  Bethylidae  for  the 
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dryinid  Tetrodontochelys  ljunghii  (Westwood)  and  Yoshimoto' s  (1984) 
excellent  description  of  Canadian  chalcidoids .  Other  sources  of 
mouthpart  structure  data  are  Bucher  (1948)  for  the  chalcid  Monodonto- 
merus  dentipes  Boheman,  Grandi  (1924b)  for  the  torymid  Neosycophila 
omeomorpha  Grandi,  Evans  (1966)  for  the  plumariid  Plumarius  sp.,  Evans 
(1963)  for  the  scolebythid  Scolebythus  madecassus  Evans,  Kusnezov 
(1954b)  for  the  maxillolabial  mouthpart  structure  of  two  ants,  and  Smith 
(1898)  and  Seghal  (1963)  for  the  common  vespid  Polistes  olivaceus 
(DeGeer) .  Wheeler  (1910)  and  Wilson  (1971)  provide  brief  introductions 
to  the  head  and  mouthpart  structure  of  ants.  Excellent  scanning 
electron  micrographs  of  ant  mouthpart  structure  are  found  in  Eisenbeis 
and  Wichard  (1987)  and  Whiting  et  al.  (1989). 

8.3.7.  Raptorial-Ectognathate 
Class  (Class  6) 

Description.  Head  spheroidal  to  infrequently  transversely 
elongate,  nonretractile ;  proboscis  short  or  uncommonly  intermediate  to 
long.  Genae  and  gula  moderately  to  minimally  developed.  Raptorial 
prothoracic  legs  present  to  assist  mouthparts.  Antennae  setaceous; 
ocelli  3;  compound  eyes  expansive  and  holoptic.  Mouthparts  mandibulate, 
hypognathous ,  symmetrical,  nonprotractile  or  protractile  (labial  mask  in 
some  forms).  Food  pump  pharyngeal. 

Clypeus  transversely  elongate,  rarely  quadrate;  subsegmented. 

Lab rum  transversely  elongate,  undivided,  with  a  pectinate  margin. 

Pharynx  capacious;  hypopharynx  lingulate;  epipharynx  membranous  or  less 
commonly  setate.  Mandibles  dicondylic;  quadrangular;  incisiform; 
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musculation  of  adduction/abduction.  Maxillae  with  main-body  of  four  or 
two  sclerites;  stipes  elongate;  bearing  a  fused  palp  and  mala.  Maxil¬ 
lary  palp  a  tapering,  unsegmented  lobe  appressed  to  mala,  of  intermedi¬ 
ate  length.  Lacinia  fused  to  galea  forming  a  mala  with  mesial  bristles 
or  setae  and  a  distal  raker.  Labium  with  elongate,  2 -segmented  main- 
body;  bearing  a  ligula  and  palps.  Main-body  segments  short  and  quadrate 
or  vertically  elongate  and  articulating  to  form  a  protrusible  structure 
with  distal  raptorial  claws  (labial  mask).  Labial  palps  chelate,  with 
movable  or  immovable  hooks;  2-segmented;  short  to  intermediate  in 
length.  Glossae  fused  to  paraglossae  as  a  generalized  ligula.  Interre¬ 
gional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  Although  raptorial -ectognathates  are  struc¬ 
turally  close  derivatives  of  adult - ectognathates ,  they  exhibit  a  few 
unique  developments.  The  eyes  are  very  large,  often  bulging  and 
holoptic,  and  the  antennae  resemble  setae.  While  the  trophic  basket  is 
duplicated  in  some  adult -ectognathates  (coleopterans) ,  only  in 
raptorial -ectognathates  does  it  incorporate  pro thoracic  legs  as  an 
integral  element.  The  maxillary  mala  is  a  fused  lacinigalea,  consisting 
of  a  single,  spinose,  raptorial  structure. 

The  maxillary  palpus  is  a  fleshy,  elongate,  unsegmented  structure 
adnate  to  the  mala.  Fusion  of  each  glossal  and  paraglossal  pair  into  a 
glossoparaglossa,  in  conjunction  with  transverse  expansion  of  the  basal 
labium,  has  result  in  a  uniquely  broad,  platelike  labium.  Aquatic 
raptorial -ectognathates  (naiads)  are  the  only  members,  with  the 
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exception  of  some  adult  staphylinid  coleopterans  (e.g.  Stenus) ,  to  bear 
a  protrusible  and  raptorial  labial  mask  for  capturing  prey. 

Diversity  and  Natural  History.  Raptorial  Ectognathates  are 
obligate  insectivores  (Hobby  1934,  Sih  1987)  (Fig.  44)  and  efficient 
aquatic  and  aerial  predators  (Clausen  1940,  Popham  and  Bevons  1979). 
Compared  to  other  hexapod  mouthpart  classes,  raptorial -ectognathates  are 
proportionately  unimportant,  comprising  only  0.63%  of  all  species  in  the 
modem  hexapod  fauna  (Appendix  D) .  Raptorial-Ectognathates  consist  of 
immature  and  adult  odonatans  and  have  a  modest  diversity,  comprising  25 
families  and  about  5,500  species  (Appendix  D) ,  corresponding  to  a  rank- 
order  of  21  out  of  34  mouthpart  classes  (Table  5,  Fig.  131).  Raptorial - 
ectognathate  adults  are  large,  conspicuous,  predators  along  streamsides, 
ponds  and  other  hydric  habitats  (Richards  and  Davies  1977) ,  where  they 
frequently  form  the  penultimate  or  antepenultimate  carnivore  trophic 
level.  The  immatures  are  aquatic  naiads  that  prey  on  insect  naiads  and 
larvae  and  other  soft-bodied  invertebrates  using  their  raptorial  labial 
sling  (Pritchard  1976,  Merritt  and  Cummins  1984). 

Structural  Themes.  Raptorial -ectognathates  are  divisible  into 
three  major  themes  (Fig.  45).  The  most  salient  distinction  within  this 
odonatan-only  mouthpart  class  is  the  presence  of  the  unique  labial  mask 
among  naiads,  which  is  functionally  and  structurally  differentiated  from 
the  adult  labium.  Of  the  13  characters  that  consistently  separate 
members  into  one  of  the  three  themes ,  11  of  these  are  associated  with 
the  head  and  mouthpart  differences  of  adults  from  naiads  and  six  with 
the  special  features  of  the  labial  mask.  (It  should  be  noted  that  the 
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FIGURE  44.  Overview  of  the  Raptorial  Ectognathate  Mouthpart  Class,  a, 
Gomphus  agricola  Linneaus  (Odonata:  Gomphidae,  data-set  no.  59), 
after  Lew  (1933);  b,  geochronologic  range,  number  of  taxa  examined; 
c,  taxonomic  distribution;  d,  functional -feeding- group ;  e,  dietary 
spectrum.  . 
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adult  coleopteran  Stenus  biguttatus  (data-set  no.  475),  which  also  has 
a  labial  mask- like  structure,  was  not  included  in  this  cluster.  This  is 
attributable  to  a  relative  excess  of  generalized  coleopteran  over  labial 
mask  character - states . )  The  13  characters  responsible  for  the  three 
themes  are  the  following:  rostrum/proboscis  development,  feeding- related 
modifications,  mouthpart  placement,  clypeal  complex  shape,  labrum  shape, 
labral  participation  in  a  multielement  mouthpart  structure,  mandibular 
type,  main-body  segmentation  of  the  maxilla,  galeal  modifications, 
maxillary  participation  in  a  multielement  structure,  labial  palpus  type 
and  aspect  ratio  and  labial  participation  in  a  multielement  structure. 

The  first  theme  is  demonstrated  by  Subcluster  1,  which  comprises 
16  adult  members  from  every  examined  family  (in  Fig.  45  this  subcluster 
is  bracketed  by  data-set  nos.  52  to  72).  This  subcluster  consists  of 
odonatan  adults  with  specialized  maxillae  and  a  labium  bearing  a  mentum 
and  submentum  of  short  length  and  lacking  a  capacity  for  protrusibility . 
Subcluster  2  expresses  the  second  theme  and  consists  only  of  the  adult 
gomphid  Ictinus  angulosus  (data-set  no.  61)  and  is  differentiated  from 
other  adult  gomphids  by  principally  shape- related  features  such  as  a 


quadrate  rather  than  a  vertically  elongate  clypeus,  a  quadrate  rather 
than  a  transversely  elongate  labrum  and  a  equant  rather  than  an  elongate 
labial  main-body.  Subcluster  3,  or  the  third  theme  consists  of  five 


naiads  bracked  by  data-set  nos.  53  to  70  in  Fig.  45.  This  theme  is 
characterized  by  the  unique  modifications  of  the  labial  sling.  Within 


Subclusters  1  and  3,  there  is  only  limited  differentiation  of  taxa, 


indicating  that  both  themes  are  highly  stereotyped. 
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RAPTORIAL  ECTOGNATHATE  MOUTHPARTS 


FIGURE  45.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Raptorial 
Ectognathate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
Mouthpart  class  to  other  mouthpart  classes. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


312 

Geochrono logic  History.  The  fossil  record  of  adult  raptorial - 
ectognathates  is  superior  to  that  of  naiad  raptorial-ectognathaes .  Thus 
the  fossil  record  of  the  adult  stage  forms  the  basis  of  the  following 
discussion. 

Because  of  the  occurrence  of  several  Carboniferous  "suborders" 
that  traditionally  have  been  placed  in  the  Odonata,  the  earliest 
Raptorial  Ectognathate  may  be  coincident  with  the  appearance  of  the 
pterygote  record  itself  whose  earliest  expression  is  during  the  lower 
Upper  Carboniferous  of  the  Upper  Silesian  coal  measures  [98]  (Hennig 
1981,  Brauckmann  and  Zessin  1989).  An  early  form  from  this  deposit, 
Erasipteron  larischi  Pruvost,  has  been  assigned  to  the  order  Protodonata 
(=Meganisoptera)  of  the  stem- group  of  the  Odonata  (Hennig  1981)  or  to 
the  odonatan  suborder  Eomeganisoptera  (Crowson  et  al.  1967,  Richards  and 
Davies  1977).  Protodonatans  are  dragonfly -like  forms  with  strong 
mandibles  and  spiny  forelegs  (Brauckmann  and  Zessin  1989)  and  include 
some  of  the  largest  insects  ever  (Carpenter  and  Burnham  1985).  However, 
it  is  unknown  whether  they  share  the  unique  mandibular,  maxillary  and 
labial  structure  of  extant  odonatans.  I  am  tentatively  considering 
Erasipteron  as  the  earliest  member  of  the  raptorial  ectognathate  class , 
based  on  its  stem-group  membership  or  annectent  association  with 
odonatans,  sensu  lato  (for  confirmation  of  this  view,  see  Carpenter 
1954).  (See  Fig.  46  for  a  summary  phylogram  and  important  fossil 
occurrences  of  raptorial- ectognathates . ) 

Demonstrable  raptorial -ectognathates  make  their  appearance  during 
the  Lower  Permian,  although  most  forms  are  dimunitive  when  compared  to 
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FIGURE  46.  Gecchronologic  history  of  the  Raptorial  Ectognathate  Mouth- 
part  Class.  See  Appendix  F  for  taxa,  localities  and  references 
corresponding  to  each  fossil  occurrence.  The  phylogram  is  after 
Pritykina  (1980),  Hennig  (1981)  and  Brauckmann  and  Zessin  (1989). 

The  taxonomic  level  of  analysis  is  the  superfamily.  The  outgroup  is 
Ephemeroptera;  the  relationship  of  Neoptera  to  Odonata  +  Ephemero- 
ptera  is  also  indicated.  These  fossil  occurrences  are  not  a  complete 
inventory  of  all  documented  fossil  members  of  this  mouthpart  class . 
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modern  forms  (Carpenter  1931,  1947).  Members  of  the  extinct  odonatan 
suborders  Protanisoptera  and  Protozygoptera  are  found  in  upper  Lower 
Permian  sediments  [90]  of  Kansas  (Tillyard  1925,  Crowson  et  al.  1967). 

A  zygopteran  has  been  documented  from  Upper  Permian  rocks  of  the 
Malvinas /Falklands  Islands  [85],  although  more  specific  stratigraphic 
correlation  is  uncertain.  In  many  instances  the  odonatan  affinities  of 
these  Permian  fossils  are  assigned  on  the  basis  of  wing  venation  and 
body  form;  mouthparts  are  rarely  available  and  thus  the  associations  of 
modern  and  Permian  Raptorial  Ectognathates  arises  from  wing  homologies . 

Previous  Designations.  Previous  recognition  of  raptorial - 
ectognathate  mouthparts  was  possibly  made  by  Metcalf  et  al.  (1962:  141) 
in  his  "grasping  or  predaceous  subtype"  of  his  "chewing  type"  (Table  6), 
a  designation  which  could  apply  to  either  the  adult  or  naiad  members  of 
raptorial - ectognathates .  However  the  examples  that  Metcalf  used  were 
adult  coleopterans  with  prominent,  sickle-shaped  mandibles  and  not  adult 
odonatans.  Usually  the  term  "mandibulate"  or  similar  general  terminolo¬ 
gy  has  been  used  to  characterize  what  is  herein  designated  as  raptorial- 
ectognathate  mouthparts . 

Review  of  Literature.  Individual  accounts  documenting  adult 
raptorial -ectognathate  mouthparts  and  head  structure  include  those  of 
Strenger  (1952)  for  the  lestid  Lestes  barbarus  (Fabricius) ,  the  massive 
monograph  of  Asahina  (1954)  for  the  rare,  relict  anisozygopteran 
Epiophlebia  superstes  Selys,  'Mathur  and  Mathur  (1961b)  for  the  gomphid 
Ictinus  angulosus  Selys,  Chao  (1953)  for  the  gomphid  Onychogomphus 
ardens  Needham,  Short  (1955)  for  the  aeshnid  Aeshna  cyanea  Mailer , 
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Smith  and  Pritchard  (1956)  for  the  cordulegasterid  Cordu.lega.ster  boltoni 
(Donovan) ,  Mathur  (1956)  for  the  libellulid  Brachythemis  contaminata 
Fabricius,  Mathur  and  Mathur  (1961a)  for  the  libellulid  Orthetrum 
taeniolatum  Schneider,  and  Mathur  (1962)  for  the  libellulid  Pantala 
flavescens  Fabricius.  This  descriptive  work  was  primarily  done  during 
the  1950 's  and  1960's.  Reviews  of  adult  odonatan  structure,  particular¬ 
ly  mouthparts  and  the  head,  can  be  found  in  Butler  (1904,  labia  only), 
Lucas  (1923/24,  mostly  labia),  Lew  (1933,  mostly  head  structure)  and 
Hakim  (1964,  all  structures).  Popham  and  Bevons  (1979)  have  presented 
a  functional -morphological  account  of  the  feeding  mechanism  for  Aeshna 
juncea  Linneaus . 

There  has  been  fewer  studies  on  the  mouthpart  and  head  structure 
of  raptorial -ectognathate  immatures.  Descriptions  of  naiad  odonatans 
include  the  anisozygopteran  Epiophlebia  supers tes  Selys  by  Asahina 
(1954),  and  among  the  anisopterans ,  the  aeshnids  Aeshna  cyanea  Milller  by 
Short  (1955)  and  Anax  junius  (Drury)  by  Snodgrass  (1954),  and  the 
libellulid  Libellula  quadrimaculata  Linneaus  by  Pritchard  (1976).  Other 
sources  of  mouthpart  and  head  data  include  Lucas  (1923/1924,  labia 
only),  Watson  (1925,  mandibular  dentition),  Lew  (1933,  all  structures). 
Grieve  (1937,  stomodael  muscles)  and  Corbet  (1953,  labia  only). 

Considerable  attention  has  focused  on  the  naiad  labium  because  of 
(i)  considerable  debate  concerning  the  dynamics  of  the  strike  mechanism 
and  (ii)  its  peculiar  structural  transformation  into  the  adult  labium 
during  development.  Accounts  documenting  the  strike  mechanism  are 
Watson  (1955) ,  Caillfere  (1972) ,  Pritchard  (1976) ,  and  Tanaka  and  Hisada 
(1980) .  Studies  documenting  the  metamorphosis  of  the  labium  from  the 
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naiad  to  the  adult  are  older  and  include  Butler  (1904) ,  Whedon  (1927) , 
Munscheid  (1933)  and  Corbet  (1951) . 

8.3.8.  Mortar-and- 
Pestle  Class  (Class  7) 

Description.  Head  spheroidal,  nonprotractile ,  nonproboscate  or 
with  a  short  proboscis.  Genae  prominent  or  well  developed;  gula  well 
developed  or  absent.  Antennae  filiform  or  capitate;  ocelli  3  or  absent; 
compound  eyes  moderately  developed  and  dichoptic,  or  absent.  Mouthparts 
mandibulate,  hypognathous  or  prognathous,  symmetrical  or  with  single 
element  asymmetry,  nonprotractile.  Food  pump  clypeal. 

Clypeus  quadrate  to  vertically  elongate,  often  bulging;  undivided 
or  divided  into  2  sclerites .  Labrum  vertically  elongate ,  rarely 
quadrate;  undivided;  with  straight  to  pectinate  margin.  Pharyngeal 
region  capacious;  hypopharynx  bearing  a  basal  sitophore,  two  lateral 
ovoidal  sclerites  and  superlingulae;  epipharynx  molariform  or  less 
commonly  membranous.  Mandibles  dicondylic;  tetragonal  in  shape; 
molariform  or  incisiform,  rarely  caniniform;  musculation  for  adduc¬ 
tion/abduction.  Maxilla  with  1  basal  sclerite  as  main  body;  stipes 
equant  to  infrequently  elongate;  bearing  galea  and  lacinia,  with  or 
without  a  palpus.  Maxillary  palpus  rarely  absent;  when  present  serrate 
or  filiform-moderately  clavate,  4-segmented  and  of  variable  length. 

Galea  palpiform  or  a  lobate  rasp;  lacinia  a  maxillary  pick.  Labium  with 
elongate  main-body  of  3  or  2  segments;  bearing  glossae,  paraglossae  and 
labial  palps,  or  labial  palps  only.  Labial  palpus  papillate  or  clavate; 
1-segmented  or  infrequently  2-  segmented;  short  in  length.  Glossae 
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often  fused  to  paraglossae  to  form  a  ligula;  when  separate  glossae 
bearing  silk  glands  or  papillate  and  paraglossae  Ungulate  or  a  general¬ 
ized  fleshy  lobe.  Interregional  co-optation  of  mouthpart  elements 
absent. 

Key  Phenocharacters .  Several  unique  features  are  diagnostic  of 
the  Mortar-and-Pestle  Class.  Members  of  this  class  are  the  only  forms 
uniquely  to  combine  a  large,  well -developed  clypeal  pump  with  mandibu- 
late  mouthparts.  They  also  possess  a  unique  hypopharynx  that,  on  its 
dorsal  surface  bears  a  mortar- like  depression  to  accomodate  a  projecting 
epipharyngeal  pestle-like  process.  The  hypopharynx  also  uniquely  bears 
two,  projecting,  ovoidal  sclerites  for  reception  in  two  labial  sulci.  A 
third  diagnostic  feature  is  the  maxillary  pick.  Labial  palpi  are 
reduced  to  one,  rarely  two,  segments.  The  combination  of  an 
epipharyngeal/hypopharyngeal  mortar-and-pestle  apparatus  and  a  lacinial 
pick,  constitutes  a  unique  feeding  apparatus. 

Diversity  and  Natural  History.  In  terms  of  the  total  diversity  of 
mouthpart  classes,  the  Mortar-and-Pestle  Class  is  taxonomically  insig¬ 
nificant,  accounting  for  approximately  0.7%  of  extant  species  diversity 
(Appendix  D) .  Mortar-and-pestle  members  are  psocopterans  and  mallo- 
phagans  except  for  haematomyzids.  The  mouthpart  class  has  only  a  modest 
diversity,  comprising  48  families,  482  genera  and  about  5,500  species 
(Appendix  D) ,  translating  to  a  rank- order  of  19  out  of  34  mouthpart 
classes  (Table  5,  Fig.  131). 

Mortar-and-pestle  forms  are  dietarily  characterized  mainly  by 
necrovory  (Fig.  47) --feeding  on  dead  plant,  animal  or  fungal  material, 
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FIGURE  47.  Overview  of  the  Mortar -and- Pestle  Mouthpart  Class,  a, 
Rhinopsocus  arduus  Badonnel  and  Lienhard  (Psocoptera:  Mesopsocidae , 
data-set  no.  190),  after  Badonnel  and  Lienhard  (1988);  b,  taxonomic 
composition,  number  of  taxa  examined  and  geochronologic  distribution; 
c,  functional -feeding- groups ;  d,  dietary  spectrum. 
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such  as  litter,  bark  flakes,  wood,  or  exudates;  they  are  less  commonly 
microvores -- feeding  on  live  yeast,  algae,  spores  and  pollen  (Waage  1979, 
New  1984,  Lawrey  1987,  Marshall  1987  and  references  therein).  They  are 
characterized  by  two  major  life-habit  tendencies,  occurring  on  arboreal 
and  ground  habitats  where  plant  decomposition  is  present  (Badonnel  1951, 
New  1984)  and  particularly  bark  habitats  (Hamilton  1978) ;  and  as  mostly 
feather-,  skin-,  and  exudate - consuming  ectoparasites  on  mammalian  and 
avian  hosts  (Waage  1979,  Marshall  1987).  Active  predation  has  been 
rarely  documented  for  mortar-and-pestle  members  (New  1984).  Generally, 
members  of  this  mouthpart  class  are  small  inconspicuous,  inhabiting 
protected,  cryptic  habitats,  and  are  either  flightless  or  weak  fliers. 

Structural  Themes.  The  Mortar -and- Pestle  Class  exhibits  two 
pronounced  subclusters  (Fig.  48).  These  two,  discrete  subclusters  are 
congruent  with  the  two  major  taxa  that  constitutes  the  mouthpart  class: 
psocopterans  form  Subcluster  1  and  nonhaematomyzid  mallophagans  form 
Subcluster  2 .  These  two  themes  are  clearly  defined  by  18  characters , 
most  of  which  separate  the  two  subclusters  by  mutually  exclusive 
character-states.  (This  clear-cut  dichotomy  contrasts  with  the  high 
degree  of  character- state  comingling  among  the  subclusters  of  the 
Sericterate  Mouthpart  Class  [Section  8.3.14].)  The  18  characters 
represent  an  eclectic  sampling  from  all  head  and  mouthpart  regions .  The 
characters  are  rostrum/proboscis  development,  gula/hypostome  develop¬ 
ment,  antennal  type,  ocellar  presence,  compound  eye  condition,  mouthpart 
placement,  mouthpart  symmetry,  clypeal  complex  shape,  clypeal  subsegmen¬ 
tation,  labral  participation  in  a  multielement  mouthpart  structure, 
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MORTAR  AND  PESTLE  MOUTHPARTS 


FIGURE  48.  Cluster  analysis  dendrogram  of  taxa 
and-Pestle  Mouthpart  Class.  See  Fig.  28  for 
mouthpart  class  to  other  mouthpart  classes. 
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epipharyngeal  type,  mandibular  dentition,  maxillary  palpus  type, 
maxillary  palpus  aspect-ratio,  galeal  modification,  shape  of  the  labial 
main  body,  glossal  modification  and  paraglossal  modification. 

Cluster  1  consists  of  dominately  free-living  psocopterans  (brack¬ 
eted  by  data-set  nos.  182-193  in  Fig.  48)  with  robust  heads  bearing 
filiform  antennae,  hypognathous  mouthparts,  a  expansive  clypeus  and 
typical,  tetragonal  mandibles  with  molar  and  incisor  regions.  Cluster  2 
(data-set  nos.  199  to  205)  consists  of  ectoparasitic  mallophagans  with  a 
dorsoventrally  flattened  head  that  bears  capitate  antennae  housed  in 
scrobes ,  prognathous  mouthparts,  a  de-emphasized  clypeus  and  edentate, 
psittaciform  mandibles.  Although  these  distinctions  are  many,  this 
mouthpart  class  nevertheless  is  integrated  by  the  joint  presence  of 
structures  such  as  the  lacinial  pick  and  the  characteristic  mortar-and- 
pestle  complex  of  the  hypopharynx  and  epipharynx.  The  mallophagan 
Haema tomyzus  elephanCis  is  a  member  of  the  Buccal  Cone  Mouthpart  Class 
(Section  8.9.3). 

Geochronologic  History.  The  earliest  candidate  for  membership  in 
the  Mortar -and- Pestle  Class  is  Gerarus  danielsi  Handlirsch,  from  the 
Upper  Carboniferous  of  Illinois  [96] .  This  form,  assigned  to  the  order 
Protorthoptera  (see  Burnham  1983  for  systematic  placement)  is  mandibu- 
late  and  has  an  evident  clypeal  pump  (KukalovA-Peck  1987,  fig.  18). 
Details  of  its  hypopharynx  and  maxilla  are  unknown  (Burnham  1983; 
Labandeira,  pers.  observ.). 

By  the  Lower  Permian  the  earliest  known  psocopterans  appear  in 
siltstones  of  central  Kansas  [90]  and  the  Perm  region  of  the  USSR  [89] 
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(Carpenter  1932,  1933;  Martynova  1928)  (Fig.  49).  Most  of  these  forms 
are  assigned  to  the  Suborder  Permopsocoptera  (Tillyard  1926 ,  Carpenter 
1954)  and  lack  the  head  and  mouthpart  features  that  uniquely  define  the 
Mortar -and- Pestle  Class.  One  well-preserved  form  from  central  Kansas, 
Dichentomum  tinctum  Tillyard  1926,  in  fact  has  mouthpart  and  head 
features  closely  resembling  the  Rostrate  Class.  However,  other  Permo- 
psocida,  such  as  Delopterum  minutum  Sellards,  bear  nonrostrate  crania 
(Tillyard  1928)  and  are  probably  members  of  the  mortar-and-pestle  class. 
In  a  differing  interpretation,  Zalessky  (1937)  maintained  that  at  least 
some  of  these  forms  possessed  psocopteran  rostrate  crania,  but  with 
homopteran- type  sucking  mouthparts;  and  they  were  accordingly  assigned 
to  the  newly-created  Hemipsocoptera.  Carpenter  (1938),  however, 
clarified  this  assignment  by  demonstrating  that  Zalessky's  material 
consisted  of  archescytinid  homopterans. 

The  Permopsocida  occur  in  Mesozoic  deposits  and  are  documented 
from  the  Middle  Jurassic  of  China  [64]  (Hong  1983)  and  the  Lower 
Cretaceous  of  Australia  [53]  (Jell  and  Duncan  1986).  These  forms 
characteristically  lack  an  inflated  clypeus  and  bear  dorsoventrally 
prolonged  heads  with  subterminal  mouthparts  (Carpenter  1933,  fig.  13  and 
plate  1,  fig.  2). 

The  first  appearance  of  undoubted  members  of  the  Mortar- and-Pestle 
Class  occur  in  Upper  Cretaceous  amber  from  the  Taimyr  Peninsula  of  the 
USSR  [37]  (Vishniakova  1975)  and  from  the  Late  Cretaceous  of  Cedar  Lake, 
Manitoba,  Canada  [35]  (McAlpine  and  Martin  1969).  Probable  Lower 
Cretaceous  representatives  occur  in  Lebanese  amber  [55]  (Schlee  and 
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FIGURE  49.  Geochronologic  history  of  the  Mortar -and- Pestle  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Smithers 
(1972) ,  Vishniakova  (1980) ,  Hennig  (1981)  and  Jamieson  (1987) .  The 
taxonomic  level  of  analysis  is  the  superfamily  and  suborder.  The 
outgroup  is  Condylognatha  (=Thysanoptera  +  [Homoptera  +  Hetero- 
ptera] ) .  These  fossil  occurrences  are  not  a  complete  inventory  of 
all  documented  fossil  members  of  this  mouthpart  class. 
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Dietrich  1969)  but  are  undescribed.  By  the  Paleogene,  mortar -and-pes tie 
forms  are  diverse,  well-established  and  are  documented  by  psocid  species 
from  Burmese,  Baltic  [19],  and  Chiapas  [11]  ambers  (Cockerell  1916, 

1919;  Kolbe  1883,  Enderlein  1911,  Navas  1914  and  Mockford  1969,  respec¬ 
tively)  .  These  Upper  Cretaceous  to  Recent  forms  bear  mouthpart  and 
cephalic  features  typical  of  the  mortar-and-pestle  class,  and  contrast 
sharply  with  the  Permopsocida,  which  probably  became  extinct  during  the 
Cretaceous.  Mallophagan  representatives  of  the  Mortar-and-Pestle  Class 
have  a  poor  fossil  record  (see  Keilbach  1982  for  a  probable  occurrence) . 

Previous  Designations.  The  term  "mortar-and-pestle"  was  used  by 
Weber  (1933,  1936),  in  the  German,  to  describe  unique  structures 
occluding  between  the  epipharynx  and  hypopharynx.  Other  than  subsequent 
references  to  this  hypopharyngeal  structure  in  psocopterans  and  mallo- 
phagans ,  no  term  has  been  applied  to  describe  either  this  unique 
mouthpart  structure  or  the  more  general  mouthpart  and  head  type. 
Generally,  mortar-and-pestle  mouthparts  have  been  considered  under  more 
general  categories  such  as  the  "chewing  type"  of  the  "Mandibulate 
Series"  (Metcalf  1929),  "orthopteran  type"  (James  and  Harwood  1969),  or 
"chewing  type"  (Ross  et  al.  1982).  (See  Table  6  for  a  history  of 
nomenclature.)  The  descriptive  term  mortar-and-pestle  refers  to  a 
diagnostic  mouthpart  feature  as  a  name  for  this  well -integrated  mouth¬ 
part  group. 

Review  of  Literature.  There  are  few  monographic  descriptions  of 
the  mouthpart  and  head  structure  of  mortar-and-pestle  forms,  particular¬ 
ly  psocopterans.  Reviews  of  the  mouthpart  and  head  structure  of  an 
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eclectic  sampling  of  mortar -and-pes tie  forms  are  provided  by  Snodgrass 
(1905,  1944),  Weber  (1938a)  and  Symmons  (1952).  For  psocopterans , 
Burgess  (1878)  and  Bomer  (1929)  briefly  describe  the  head  and  mouthpart 
structure  of  the  psocid  Psocus,  Badonnel  (1936a,  1936b)  discusses  the 
mouthparts  of  several  species,  and  Cope  (1940)  provides  a  description  of 
the  head  and  mouthparts  of  Psocus  confratemus  Banks.  Interesting 
accounts  are  given  by  Ball  (1936)  and  Gurney  (1943),  who  describe  major 
structural  transformations  in  the  mouthparts  of  Prionoglaris  stygia 
Enderlein  between  the  nymphal  and  adult  stages . 

Mallophagan  head  and  mouthpart  structure  have  received  better 
documentation.  The  heads  and  mouthparts  have  been  described  for  the 
menoponid  Myrsidea  comicis  (DeGeer)  by  Buckup  (1959),  for  the  menoponid 
Pseudomenopon  pilosum  (Scopoli)  by  Haub  (1967)  ,  for  the  menoponid 
T etrophthalmus  sp.  by  Cope  (1951),  for  the  trimenoponid  Trimenopon 
jenningsi  Kellogg  and  Paine  by  Stowe  (1943)  and  for  the  bovicolid 
Bovicola  caprae  (Gurlt)  by  Risler  (1951) .  Most  of  these  studies  were 
done  in  the  German  school  of  functional  morphology. 

8.3.9.  Rostrate  Class 
(Class  8) 

0 

Description.  Head  vertically  prolonged  with  a  short  to  long 
proboscis  (rostrum);  nonprotractile.  Genae  expansive;  gula  moderately 
developed  but  also  well -developed  or  absent.  Antennae  filiform;  ocelli 
3  or  rarely  absent;  compound  eyes  expansive,  rarely  moderately  devel¬ 
oped.  Mouthparts  mandibulate,  hypognathous ,  symmetrical,  nonprotrac¬ 
tile.  Food  pump  clypeolabral . 
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Clypeus  quadrate,  rarely  otherwise;  undivided  and  separate  or 
fused  to  the  labrum.  Labrum  variously  shaped;  undivided  or  fused  to 
clypeus ;  with  straight  to  shallowly  curvilinear  or  broadly  acute  margin. 
Pharyn-geal  region  capacious;  hypopharynx  lingulate;  epipharynx  bearing 
two  sclerotized  rods,  or  rarely  membranous.  Mandibles  dicondylic; 
prolonged  or  ensiform,  rarely  otherwise;  serrated  or  incisiform; 
musculation  of  adduction/abduction.  Maxilla  with  main-body  of  2 
sclerites;  stipes  rodlike;  bearing  galea,  lacinia  and  palpus.  Maxillary 
palp  filiform  and  moderately  clavate;  5-segmented;  long  to  very  long. 
Galea  palpiform  or  penicillate;  lacinia  penicillate  or  rarely  pectinate, 
with  mesially-directed  setae.  Labium  with  an  equant  main-body  of  2 
segments;  bearing  labial  palps  only.  Labial  palps  filiform,  rarely  with 
an  enlarged  middle  segment;  2-  or  rarely  3-segmented;  length  variable. 
Glossae  absent  or  rarely  a  flabellate  tongue;  paraglossae  absent. 
Interrgional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  Diagnostic  rostrate  features  include  the  co¬ 
optation  of  cephalic  capsule  wall  sclerites  to  form  a  hypognathously 
prolonged  rostrum.  The  mouthparts  are  accordingly  elongated  with 
rodlike  elements.  (This  is  in  contrast  to  the  exclusively  terminally 
attached,  unelongated  elements  of  rhynchophorates  [Class  9].)  A 
distinctive  facial  sclerite  occurs  by  the  fusion  of  the  frons,  clypeus 
and  labrum.  The  characteristic  labium  features  a  nonligulate,  elongated 
base  bearing  two-segmented  palpi  with  robust,  ovoidal  segments. 

Diversity  and  Natural  History.  The  Rostrate  Class  is  depauperate 
in  species  when  compared  to  other  mouthpart  classes.  Rostrates  comprise 
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only  0.07%  of  extant  insect  diversity  and  consist  of  eight  families, 
about  70  genera,  and  about  600  species  (Appendix  D) .  This  corresponds 
to  a  rank-order  of  29  among  34  mouthpart  classes  (Table  5,  Fig.  131). 
This  depauperate  taxonomic  and  ecological  representation  is  in  sharp 
contrast  with  fossil  mecopterans,  which  are  proportionately  more  diverse 
in  local  insect  deposits  (Whalley  1985) ,  often  comprising  20%  of  all 
insects  found  in  some  deposits  (Tillyard  1926)  .  Rostrates  currently 
comprise  the  adult  members  of  the  "generalized"  holometabolous  orders 
Planipennia  (nemopterids  only)  and  Mecoptera  (all  forms  except  nanno- 
choristids) ,  both  of  which  may  be  phylogenetically  related  (Boudreaux 
1987) . 

Because  of  their  relative  rarity  in  the  modern  fauna,  secretive 
habits  and  probable  low  numbers  of  mecopterists ,  little  is  known  about 
rostrate  diets .  Dietary  generalizations  about  the  group  appear  con¬ 
flicting.  According  to  Setty  (1940)  and  Whalley  (1985) ,  adult  meco¬ 
pterans  are  "mostly  carnivorous . "  This  differs  from  other  natural 
historical  accounts  provided  by  Carpenter  (1931) ,  Hobby  and  Killington 
(1934)  and  Heddergott  (1938),  which  consider  most  species  necrovores, 
rarely  predaceous.  As  a  mouthpart  class,  rostrates  appear  to  be 
omnivorous  (Fig.  50). 

Structural  Themes.  Rostrates  exhibit  three  taxonomically  non- 
di verse  subclustering  patterns,  or  themes  (Fig.  51).  Ten  characters 
consistently  define  these  three  themes.  They  are  ocellar  number, 
clypeal  complex  shape,  epipharyngeal  type ,  mandibular  dentition, 
lacinial  and  galeal  modifications,  labial  palpus  type  and  segmentation, 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


329 


COO>h-COO)OCOIO  "TCI  CM  v  CM 
090lAin«DU(D<0  <su>  (O  IS  N 


<<00000000000 
1  _j  til  UJ  UJ  UJ  L1J  LlJ  LL4  LL>  UJ  Ui  LU 


1  5 

i«  £ 
«  « 


«  no 


=:  «  <0 

s§li 

o  ®  - 


«  C  C 

o  5 

«l  U4 
3  — 


8  0.3 

S  3  2 
p  2  ~ 

|  ©  W  ®  0  ®  t 


X 

■8 

2  w  2 
*8  ^  y 

“•is 

•>  c® 

■S 

o  »2 
P-S-. 


•=!li 

c 

2  «3 

sis 

a  g  = 

S&2 

•C  C  3 
OOQ> 

2  Q.  o 
tn<  03 


ROSTRATE  MOUTHPARTS 


FIGURE  51.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Rostrate 
Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes. 
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and  glossal  modifications .  Among  the  three  themes ,  all  of  these  10 
characters  discriminate  nemopterids  from  mecopterans,  but  only  four 
differentiate  Boreus  novoriuzidus  from  all  other  adult  mecopterans .  The 
adult  mecopteran  Nannochorista  dipteroides  is  a  member  of  the  Labellate 
Mouthpart  Class  (Section  8.5.3).  Subcluster  1  comprises  two  adult 
planipennian  genera,  the  nemopterids  Nemoptera  sinuata  and  Nemopterella 
sp.  (data  set  taxa  388  and  389).  These  taxa  are  structurally  convergent 
with  mecopterans  in  several  respects,  particularly  head  capsule  shape, 
but  sufficiently  disparate  in  mouthpart  structure  that  they  are  a 
separate  subcluster.  Nemopterids  possess  a  generalized  labium  that 
includes  a  ligula  and  three -segmented  palps.  Subcluster  2  (bracked  by 
data-set  taxa  757  to  761)  are  typical  mecopterans  with  elongate, 
hypognathous  mouthparts  borne  at  the  base  of  a  prominent  rostrum  and  an 
aligulate  labium  with  two-segmented  palps.  By  contrast  Subcluster  3 
consists  only  of  Boreus  nivoriundus  (772)  which  bears  more  generalized, 
unmodified  mouthparts,  a  dimunitive  maxillary  palp  and  a  unique  condi¬ 
tion  of  basal  maxillary  sclerites  for  the  mouthpart  class. 

Geochronologic  History.  The  earliest  documented  rostrate  is  the 
promeropeid  Tomiochorista  nubila  Martynova  from  the  Lower  Permian 
deposits  of  the  Kusnetsk  Basin,  USSR  [97]  (Fig.  52).  Slightly  younger, 
Lower  Permian  forms  [90]  assigned  to  the  Mecoptera  were  described  by 
Tillyard  (1926)  and  Carpenter  (1930) .  It  is  unclear  whether  these  early 
mecopterans,  taxonomically  referred  to  the  extinct  suborder  Protomeco- 
ptera,  are  rostrates  since  virtually  all  of  the  examined  fossil  material 
are  wings.  However,  Permopanorpa  inaequalis  Tillyard  is  reconstructed 
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FIGURE  52.  Geochronologic  history  of  the  Rostrate  Mouthpart  Class.  See 
Appendix  F  for  taxa,  localities  and  references  corresponding  to  each 
fossil  occurrence.  The  phylogram  is  after  Withycombe  (1924)  and 
Henry  (1982).  The  level  of  taxonomic  analysis  is  the  family.  The 
outgroups  are  Psychopsidae  and  Siphonaptera.  These  fossil  occurren¬ 
ces  are  not  necessarily  a  complete  inventory  of  all  documented  fossil 
members  of  this  mouthpart  class. 
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with  a  discernable ,  albeit  short,  rostrum  (Carpenter  1930,  fig.  3b). 
Hennig  (1981) ,  however,  claims  that  these  forms  are  unassignable  to  the 
order  and  could  equally  well  be  plausible  members  of  the  stem- group  of 
the  Diptera.  Somewhat  younger,  reliably  identified  mecopterans  are 
Nannochoristella  reducta  Riek  and  Neochoristella  optata  Riek  from  the 
Upper  Permian  Belmont  beds  of  Australia  [83]  (Riek  1953).  However,  they 
are  assigned  to  the  Nannochoristidae ,  and  since  adult  nannochoristids 
are  members  of  the  labellate  mouthpart  class  (Section  8.5.3),  they  are 
excluded  as  rostrates. 

Rostrates  are  plentiful  in  most  Mesozoic,  insect-bearing  deposits 
and  are  represented  predominately  by  wings.  Mesozoic  rostrates  are 
mostly  members  of  the  widespread  mecopteran  family  Orthophlebiidae . 

They  are  found  in  the  Middle  Triassic  of  Australia  [80]  (Riek  1950),  the 
Early  Jurassic  of  England  [69]  (Tillyard  1933,  Whalley  1985)  and  the 
Lower  Cretaceous  of  Victoria,  Australia  [53]  (Jell  and  Duncan  1986). 
These  Mesozoic  specimens  are  preserved  in  fine-grained  clastic  sedi¬ 
ments,  occasionally  with  preserved  heads,  leading  Whalley  (1985:  150)  to 
comment,  with  regard  to  the  Jurassic  British  material  that: 

There  is  no  reason  to  suppose,  from  a  study  of  the  few 
preserved  mouthpalfcs  of  fossil  Mecoptera,  that  their 
feeding  habits  were  any  different  from  those  of  their 
living  relatives. 

Tillyard  (1933:  23),  in  an  earlier  diagnosis  of  the  family  Orthophle¬ 
biidae,  described  the  head  as  ”...  very  small,  rostrum  moderately 
developed  ..." 

The  geochronologic  history  of  nemopterid  rostrates  is  depauperate 
(Fig.  52)  since  the  earliest  and  only  fossil  occurrence  is  from  the 
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Oligocene  of  the  US  [15]  (Carpenter  1960a).  The  probable  sister-group 
to  the  Nemopteridae ,  the  Psychopsidae ,  is  better  documented  and  has  an 
earliest  occurrence  in  the  Late  Permian  of  the  USSR  [74]  (Tillyard 
1922),  indicating  a  long  and  unrecognized  history  for  nemopterids. 

Previous  Designations.  The  term  "rostrum"  has  been  frequently 
used  to  refer  to  the  highly  stereotyped  prolongation  of  the  head  in 
adult  mecopterans  (Xssiki  1933,  Hepburn  1969)  and  adult  nemopterid 
planipennians  (Acker  1958,  Picker  1987).  This  term  has  also  been  used 
for  designating  other  elongated,  mouthpart -bearing  head  structures, 
including  the  characteristic  snout  of  curculionoids  (Morimoto  1962) ,  the 
beak  of  heteropterans  (Ekblom  1926)  and  the  proximal  proboscis  of 
dipterans  (Hewitt  1907).  In  a  general  sense,  any  food-related  prolonga¬ 
tion  of  the  insectan  head  has  often  been  termed  a  "rostrum"  (Torre-Bueno 
1985) .  Historically,  rostrate  mouthparts  have  been  considered  a  subset 
of  mandibulate  mouthparts  (Table  6).  Chaudonneret  (1983)  has  use  the 
term,  rosCre,  to  refer  to  a  distinctive  mouthpart  type  that  includes 
both  mecopterans  and  curculionids  and  is  characterized  by  elongation  of 
the  cephalic  capsule.  I  am  borrowing  his  terminology  and  thus  the  term 
rostrate  to  refer  to  this  mouthpart  class,  although  I  am  excluding 
weevels  (see  Section  8.4.6). 

Review  of  Literature.  Rostrate  mouthpart  and  head  structures  have 
been  adequately  described  by  a  few  reviews  and  several  sources  document¬ 
ing  particular  species .  Review  articles  describing  various  mecopterans 
from  several  families  include  Otanes  (1922) ,  Matsuda  (1965)  and  Hepburn 
(1969).  Detailed  descriptions  include  that  of  Setty  (1940)  for  the 
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bittacid  Bittacus  pilicomis  Westwood,  Heddergott  (1938)  and  Ferris  and 
Rees  (1939)  for  the  panorpids  Panorpa  communis  Linneaus  and  P.  nutialis 
Gerstaecker,  respectively,  and  Issiki  (1933)  for  the  panorpodid  Panor- 
podes  paradoxa  MacLachlan.  The  nemopterid  planipennians  Nemopterella 
sp.  and  the  bizarre  Palmipenna  aeoloptera  Picker  are  described  by  Acker 
(1958)  and  Picker  (1987),  respectively.  Imms  (1944)  discusses  the 
homologies  of  the  maxillae  and  labium  of  several  mecopteran  and  dipteran 
species . 

8.3.10.  Ehynchophorate  Class 
(Class  9) 

Description.  Head  anteriorly  prolonged  to  less  frequently  spher¬ 
oidal;  proboscis  long  to  infrequently  short;  nonprotractile .  Genae 
expansive  to  well -developed;  gula  elongated  into  a  pregula,  or  moderate¬ 
ly  developed.  Mouthparts  mandibulate,  hypognathous ,  nonprotractile, 
with  single  element  asymmetry.  Food  pump  clypeal  and  pharyngeal. 

Clypeus  mostly  quadrate,  uncommonly  transversely  elongate; 
undivided  or  fused  to  frons;  rarely  absent.  Labrum  absent.  Hypopharynx 
a  Ungulate  lobe;  epipharynx  membranous,  setate,  or  rarely  lobate. 
Mandibles  modified  dicondylic;  ratchet- shaped  or  tetragonal;  incisiform; 
musculation  involved  in  modified  adduction/abduction.  Maxillae  compris¬ 
ing  two  sclerites;  stipes  equant;  bearing  a  galea,  lacinia  and  palpus, 
often  with  galea  and  lacinia  fused  into  a  mala.  Maxillary  palps 
mucronate  or  stubby,  rarely  filiform;  1-  to  4-segmented;  short  in 
length.  Galea  mostly  penicillate  or  a  mala  of  mesial  pectinate  bristles 
and  a  distal  raker;  lacinia  penicillate  or  fused  together  as  a  mala. 
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Labium  with  equant  main-body  of  2  sclerites;  producing  labial  palps  with 
or  without  a  median  ligula.  Labial  palps  mucronate  or  stubby;  1-  to  3- 
segmented;  short  in  length.  Glossae  absent  or  infrequently  present  and 
penicillate  or  setate;  paraglossae  absent.  Interregional  co-optation  of 
mouthpart  elements  absent. 

Key  Phenocharacters .  Three  diagnostic  characters  define  the 
Rhynchophorate  Class.  First  is  the  unique  construction  of  the  basi- 
cranium  and  snout.  The  basicranium  consists  of  fused  sclerites  with  few 
sutures;  the  frons  and  occiput  are  not  defined.  The  snout  is  similarly 
distinctive,  formed  from  the  anterior  prolongation  of  the  genae,  the 
"pregula,"  and  the  clypeal -vertical  sclerite.  Secondly,  the  mandibles 
are  unique,  with  anatomically  dorsal  and  ventral  condyles  swinging  on  a 
dorsal  and  ventral  ball-and-socket  articulations.  The  mandibles  are 
somewhat  disk- shaped  and  bear  sharp  teeth  for  boring  or  shearing 
resistant  substrates.  Lastly,  the  antennae  is  characteristically 
inserted  on  the  snout. 

Diversity  and  Natural  History.  The  Rhynchophorate  Class  comprises 
a  significant  part  of  the  taxonomic  diversity  of  extant  insects. 
Approximately  6.8%  of  all  species  belong  to  rhynchophorates  (Appendix  D) 
and  the  class  is  overwhelmingly  dominated  by  the  single  family,  Curcu- 
lionidae  (weevils).  Rhynchophorates  consist  of  11  families,  approxi¬ 
mately  5,500  genera  and  approximately  60,000  species  (Appendix  D) , 
corresponding  to  a  rank-order  of  8  among  34  mouthpart  classes  (Table  5, 
Fig.  131). 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


337 


Ehynchophorates  are  an  important  terrestrial  group  of  dominately 
obligate  herbivores  specializing  on  various  plant  organs  (Fig.  53), 
often  with  host  monospecificity  (Arnett  1964,  Crowson  1981).  They  feed 
on  flower  tissue  and  pollen  ("mess-and-soil"  pollinators)  and  are 
important  agents  of  pollination  for  angiosperms  with  the  cantharophilous 
pollination  syndrome  (Faegri  and  Van  der  Pijl  1980).  They  are  impor¬ 
tant,  often  dominant  consumers  of  plants  in  most  terrestrial  communities 
such  as  sandy  substrate  successional  communities  in  England  (Brown  and 
Hyman  1986) ,  and  have  strong  representation  in  many  widespread  plants 
such  as  native  thistles  (Goeden  and  Ricker  1987)  and  Baccharis  (Palmer 
1987)  of  the  American  Southwest.  Rhynchophorates  are  also  important  in 
the  pollination  of  archaic  angiosperms  and  cycads  (Szent-Iveny  et  al. 
1956,  Pelmyr  and  Thien  1986,  Norstog  et  al.  1986,  Norstog  1987). 
Additionally,  many  rhynchophorates  feed  on  fungi,  submerged  aquatic 
plants  (Crowson  1981),  indurated  foodstuffs  such  as  seeds,  bark  and 
roots  (Johnson  and  Lyon  1976,  Davidson  and  Lyon  1987),  and  the  females 
of  many  species  bore  into  wood  for  oviposition  (Proctor  and  Yeo  1973) . 

Structural  Themes.  Rhynchophorates  exhibit  four  major  structural 
themes,  indicated  by  the  subclustering  pattern  of  Fig.  54.  Fourteen 
characters  are  primarily  responsible  for  the  division  of  rhynchophorate 
mouthparts  into  these  four  themes.  Four  of  these  characters  are  labral 
features  that  separate  Cimberis  atteleboides  from  all  other  curculionoid 
taxa.  The  other  ten  characters  are  dominately  head- associated  charac¬ 
ters,  namely  head  shape,  rostrum/proboscis  development,  genal  region/ 
malar  space  development,  gula/hypostome  development  and  condition  of  the 
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frontal/vertical  region.  Other  discriminating  characters  are  food  pump 
type,  epipharynx  structure,  mandibular  type,  galeal  modification  and 
lacinial  modification. 

Subcluster  1  consists  of  the  nemonychid  C.  attleboides  (data-set 
no.  715),  which  retains  some  of  the  mouthpart  features  typical  of 
noncurculioinoid  coleopterans .  Subcluster  2  comparises  a  relatively 
diverse  suite  of  11  oxycorynid,  attelabid,  brentid,  apionid  and  curcu- 
lionid  taxa  (bracked  by  data-set  nos.  720  to  725  on  Fig.  54).  These 
taxa  are  characterized  by  long  snouts  with  terminal,  ratchet -shaped  and 
swivel -articulating  mandibles  operated  by  long  rope  muscles  originating 
from  the  head  capsule  proper.  These  forms  tend  to  ingest  indurated 
foodstuffs  such  as  seeds,  grain  or  roots,  but  are  rarely  wood-borers. 

By  contrast  Subcluster  3  consists  of  short-  to  blunt-snouted  curculio- 
nids  that  are  members  of  the  subfamilies  Scolytinae  and  Platypodinae . 
These  forms  occur  mostly  as  wood-borers  of  gymnospermous  and  angio- 
spermous  trees.  Finally,  Subcluster  4  consists  only  of  the  belid 
Dicordylus  binotatus ,  a  rather  plesiomorphic  curculionid  that  occurs  on 
gymnosperms  and  may  be  related  to  taxa  describe  from  the  Jurassic  and 
Cretaceous  (vide  supra ) . 

Geochronological  History.  Within  the  Coleoptera,  it  is  generally 
believed  that  curculionoids  are  the  most  derived  and  recently  evolved 
suprafamilial  group  (Handlirsch'1906,  1912,  Gillott  1980,  Crowson  1981). 
The  oldest  known,  demonstrable  rhynchophorates  are  Archaeorrhynchus 
tenuicomis  Martynov  and  Eobelus  longipes  Arnold!  from  the  Upper 
Jurassic  of  Soviet  Central  Asia  [60]  (Martynov  1926,  Ponomarenko  1980, 
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FIGURE  54.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Rhyncho- 
phorate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes. 
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Hennig  1981,  Crowson  1981)  (Fig.  55).  These  forms  possess  the  typical 
beak  and  other  features  of  several  extant,  less  derived  families 
(Crowson  1976,  1981;  Arnold!  et  al.  1977)  and  are  placed  in  an  extinct 
family,  the  Eobelidae.  Arnold!  et  al.  (1977)  claim  that  the  weevils  of 
this  deposit  are  the  most  diverse  component  of  the  beetle  fauna.  From  a 
slightly  younger  Lower  Cretaceous  [56]  insect  fauna  at  Ldrida,  Spain, 
are  described  two  weevils ,  one  an  eobelid  and  the  other  of  uncertain 
familial  affinities  (Whalley  and  Jarzembowsky  1985,  Pallerola  1986). 

The  occurrence  of  a  weevil  from  Lower  to  Upper  Cretaceous  deposits  from 
South  Dakota  [50]  is  documented  by  Northrup  (1928),  who  placed  the 
fossil,  Curculionites ,  in  the  Curculionidae .  It  resembles  extant  genera 
that  are  associated  with  conifer  needles.  Wood-boring  adult  curculio- 
nids  occur  in  the  Eocene  London  Clay  fauna  near  Bognor  Regis ,  England 
[26]  (Britton  1960,  Venables  and  Taylor  1962),  as  well  as  other  mid- 
Tertiary  deposits  [9,3]  (Heer  1847,  Zeuner  1938).  Rhynchophorates  from 
the  Baltic  amber  fauna  [19]  are  diverse,  numerous  and  appear  to  have 
been  partitioning  numerous  food  resources  (Larsson  1978) . 

An  alternative  approach  in  assessing  the  presence  of  rhynchopho¬ 
rates  in  the  fossil  record  is  the  documentation  of  characteristic 
borings  in  fossil  woods.  The  earliest  documentation  of  this  trace- 
fossil  type  comes  from  Pennsylvanian  strata  and  consists  of  coprolites 
and  oftentimes  preserved  frass  material  occurring  in  galleries  or 
borings  within  permineralized  wood  fragments  or  "woody"  stems .  Wood- 
borings  of  Pennsylvanian- age  [coeval  with  96]  occur  in  the  wood  of  the 
cordaitalean  gymno sperm  Premnoxylon  (Cichan  and  Taylor  1982,  Labandeira 
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FIGURE  55 .  Geochronologic  history  of  the  Rhynchophorate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Morimoto 
(1962)?  Vanin  (1976),  Sanborne  (1981),  Crowson  (1981)  and  Lawrence 
and  Newton  (1982).  The  taxonomic  level  of  analysis  is  the  family. 
The  outgroup  is  Chrysomeloidea.  These  fossil  occurrences  are  not 
necessarily  a  complete  inventory  of  all  documented  fossil  members  of 
this  mouthpart  class . 
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and  Beall  1990) ,  the  stem  of  the  pteridophyte  Psaronius  (Rothwell  and 
Scott  1983;  Labandeira  and  Beall  1990),  the  stem  of  the  calamites 
Sigillaria  (Geinitz  1855) ,  the  trunk  outer  cortex  of  the  lycopod 
Lepidodendron  (Friese  and  Gothan  1952)  and  " Cardiocarpon"  wood  (William¬ 
son  1880) --all  from  coal-associated  deposits  of  the  midwestern  United 
states  and  western  Europe .  Although  insects  are  implicated  as  the  wood¬ 
boring  agents  (Geinitz  1855,  Scott  and  Taylor  1983),  no  definitive 
evidence  indicates  presence  of  rhynchophorates  during  Pennsylvanian 
times.  However,  by  Triassic  and  Jurassic  times,  bored  coniferous  wood 
includes  structures  referred  to  buprested  larvae,  anobiid  adults,  and 
Scolytus- like  and  Ips-like  curculionids  ([68],  Jurasky  1932).  Other 
documented  wood  borings  have  been  described  by  Walker  (1938)  for  bored 
Araucarioxylon  from  the  Chinle  Formation  of  the  Petrified  Forest  of 
Arizona  [77]  and  Linck  by  (1949)  for  similar  bored  wood  of  the  Keuper 
Series  of  Germany.  Although  additional  examples  occur  for  the  Creta¬ 
ceous  Period  (e.g.  [57],  Blair  1943),  it  is  during  the  Tertiary  when  the 
first  good  examples  of  wood  bored  by  rhynchophorates  occur  (Brues  1936; 
Crowson  1976,  1981).  In  summary,  although  bored  Pennsylvanian  woods 
indicate  the  probable  presence  of  xylophagous  insects,  the  first 
suggestive  trace-fossil  evidence  for  rhynchopho rates  originates  from 
Triassic  coniferous  woods,  significantly  prior  to  first  rhynchophorate 
body- fossil  in  the  Upper  Jurassic. 

Previous  Designations .  The  term  "Rhynchophora"  was  used  as  a 
formal  taxonomic  term  by  many  entomologists  (e.g.  Handlirsch  1906-1908, 
Ting  1936,  Comstock  1940)  to  refer  to  weevils,  although  it  has  been 
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recently  supplanted  by  the  synonym,  Curculionoidea  (e.g.  Richards  and 
Davies  1977,  Crowson  1981).  Because  of  its  present  disuse  as  a  formal 
taxonomic  name,  its  long  previous  history  as  a  referent  to  a  highly 
stereotyped  group  of  beetles  (weevils)  and  its  etymology  from  the  Greek, 
meaning  "snout,"  I  am  using  the  term  rhynchophorate  to  define  this 
distinctive  mouthpart  class .  Previous  references  to  forms  now  occurring 
in  the  Rhynchophorate  Class  have  been  considered  under  the  more  general 
designation,  mandibulate,  or  some  variant  thereof.  Chaudonneret  (1983) 
considered  the  cranial  and  mouthpart  modifi  cations  of  weevils  as  one 
consequence  of  rostrum  formation  in  generalized  mandibulate  insects. 

The  other  major  group  of  rostrum-bearing  mandibulate  insects,  meco- 
pterans ,  was  listed  as  a  separate  modification  of  the  "consequence  de  la 
formation  d'un  rostre  chez  les  insectes  broyeurs . " 

Review  of  Literature.  Major  compilations  of  rhynchophorate  mouth- 
parts  and  head  capsules  include  Stickney  (1923,  head  capsules  only), 

Ting  (1933,  mouthparts  only),  Williams  (1938,  maxillae  and  labia  only) 
and  Morimoto  (1962,  all  structures).  Species-based  accounts  include 
Muniz  and  Barrera  (1969)  for  the  oxycorynid  Rhopalotria  glossoni 
Schaeffer,  Brack-Egg  (1973)  for  the  attelabid  Rhynchites  Scopoli, 

♦ 

Dennell  (1942)  for  the  curculionid  Calandra  granaria  Linneaus,  Donges 
(1954)  for  the  curculionid  Cionus  scrophulariae  Linneaus  and  McClenahan 
(1904)  for  the  curculionid  Nononychus  vulpeculus  Fabricius. 
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8.3.11.  Pectinate  Class 
(Class  10) 

Description.  Head  spheroidal  to  dorsoventrally  flattened;  nonpro- 
boscate  (mandibular  tusks  in  some);  nonretractile .  Prothoracic  legs 
often  part  of  feeding  apparatus.  Gena  minimally  to  prominently  devel¬ 
oped;  gular  region  absent.  Antennae  setaceous;  ocelli  3;  compound  eyes 
moderately  developed  and  dichoptic .  Mouthparts  mandibulate ,  hypogna- 
thous,  nonretractile,  consisting  of  single  element  asymmetry.  Food  pump 
variously  developed. 

Clypeus  quadrate  to  transversely  elongate;  undivided.  Labrum 
quadrate  to  transversely  elongate;  undivided;  margin  commonly  pectinate, 
often  notched  medially.  Hypopharynx  trilobed,  with  rows  of  setae  or 
bristles  on  superlingulae;  epipharynx  mostly  setate,  less  commonly 
membranous  or  spatulate.  Mandibles  dicondylic;  distally  expanded; 
pectinate  (diatom  rakes,  prosthecae) ,  or  caniniform;  musculation  of 
abduction/adduction.  Maxillae  with  main-body  of  1  or  2  sclerites; 
stipes  squarose  to  elongate -rectangular;  bearing  a  fused  galeae  and 
laciniae  (mala)  and  palpi.  Maxillary  palp  penicillate;  3-  or  less  often 
2 -segmented;  intermediate  to  long  in  length.  Galea  and  lacinia  fused 
into  a  mala  with  pectinate  bristles  mesially  and  a  raker  distally. 

Labium  with  an  elongated  main-body  undivided  or  divided  into  2  scler¬ 
ites;  bearing  glossae,  paraglossae  and  palpi.  Labial  palpi  pectinate  or 
penicillate;  3-  to  less  commonly  2 -segmented;  intermediate  in  length. 
Glossae  setate  or  less  commonly  lingulate;  paraglossae  penicillate  or 
less  often  a  broadly  attached  lobe.  Interregional  co-optation  of 
mouthpart  elements  absent. 
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Key  Phenocharacters .  A  dominant  feature  of  the  Pectinate  Mouth- 
part  Class  is  the  pervasive  presence  of  pectinate,  or  less  commonly, 
brustiate  mouthparts,  including  palps  and  lobes.  The  most  distinctive 
feature  is  a  distally-expanded  (securiform)  mandible  with  two  articu¬ 
lating  points  and  a  third  sliding  contact  point  with  the  cranium.  The 
mandibular  dentition  is  characteristically  provided  with  a  row  of 
acuminate  incisors,  an  articulating  brustiate  pros theca,  and  a  distinct 
molar  region  consisting  of  a  pectine  on  one  mandible  and  a  more  typical 
grinding  surface  on  the  opposite  mandible.  The  hypopharynx  has  a 
unique,  large,  superlingulal  lobes.  Paraglossae  are  broad  and 
transversely- elongated. 

Diversity  and  Natural  History.  The  Pectinate  Mouthpart  Class 
comprises  the  aquatic  stages  of  ephemeropterans ,  which  feed  predomi¬ 
nately  by  collecting-filtering,  with  some  deposit- feeding  and  scraping, 
mostly  on  plant  and  animal  detritus  and  algae  (Cummins  and  Klug  1979, 
Edmunds  1984)  (Fig.  56).  Live  vascular  tissue  is  rarely  used.  Pecti- 
nates  exhibit  minimal  dietary  specificity  and  consume  a  wide  variety  and 
size  range  of  organic  detritus,  including  recycled  faecal  matter 
(Mattingly  1987b).  A  few  species  are  predators,  especially  during  the 
later  naiad  stages.  The  life-habits  of  members  of  this  class  include 
clinging  to  hard  substrates ,  subordinately  burrowing  and  sprawling  on 
submerged  leaves  of  vascular  hydrophytes,  and  swimming  that  alternates 
with  longer  periods  of  clinging  or  sprawling  (Needham,  Traver  and  Hsu 
1935;  Cummins  and  Merritt  1984;  Edmunds  1984).  Together  with  members  of 
the  Mouthbrush  (Sect.  5.9)  and  Mandibulobrustiate  (Sect.  5.10)  mouthpart 
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FIGURE  56.  Overview  of  the  Pectinate  Mouthpart  Class,  a,  Siphlonurus 
aestivalis  Eaton  (Ephemeroptera:  Siphlonuridae ,  data-set  no.  25), 
after  SchOnmann  1981;  b,  taxonomic  distribution,  number  of  taxa 
examined  and  geochronologic  range;  c,  functional -feeding- groups ,  d, 
dietary  spectrum. 
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classes,  members  of  the  Pectinate  Class  are  the  principal  primary- 
consumers  in  lentic  and  lotic  freshwater  ecosystems  (Cummins  and  Klug 
1979,  Merritt  and  Wallace  1981). 

Pectinates  are  a  relatively  depauperate  group  in  terms  of  taxo¬ 
nomic  diversity.  The  Pectinate  class  incorporates  18  families,  about 
230  genera  and  about  2200  species,  amounting  to  0.24%  of  all  insects 
(Appendix  D) .  This  corresponds  to  a  rank- order  of  24  out  of  34  mouth- 
part  classes  (Table  5,  Fig.  131).  Although  this  represents  an  insignif¬ 
icant  percentage  in  terms  of  overall  insect  diversity,  it  belies  their 
abundance  and  prominent  trophic  role  in  freshwater  habitats. 

Structural  Themes.  Pectinate  mouthparts  are  categorizable  into 
four  subclusters,  or  themes  (Fig.  57).  Approximately  11  characters, 
distributed  among  most  of  the  head  and  mouthpart  regions,  resolve 
pectinate  mouthparts  into  these  four  major  groups.  The  discriminating 
characters  are  genal  region/malar  space  development,  feeding -related 
modifications,  mouthpart  placement,  food  pump  type,  hypopharynx  type, 
epipharynx  type,  mandible  type,  mandibular  dentition,  type  of  maxillary 
appendages ,  galeal  modifications  and  paraglossal  modifications .  These 
characters  taxonomically  partition  ephemeropteran  naiads  into  the  four 
subclusters  mentioned  above  along  superfamilial  lines. 

Subcluster  1  comprises  the  siphlonurid  Ameletus  inopinauts 
and  the  oligoneurid  Isonychia  Lgnota  (data-set  nos.  24  and  30  of  Fig. 

57)  and  represents  the  most  pronounced  divergence  within  pectinates. 
These  taxa  are  members  of  the  superfamily  Baetoidea.  Subcluser  2  is  the 
most  taxonomically  diverse  assemblage,  consisting  of  members  of  the 
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PECTINATE  MOUTHPARTS 


FIGURE  57.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Pectinate 
Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes . 
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superfamilies  Baetoidea,  Leptophlebioidea,  Ephemerelloidea  and  Caenoidea 
(bracketed  by  data-set  nos.  26  to  35  in  Fig.  57).  This  group  is 
dominately  epibenthic  in  habit  and  is  characterized  by  equant,  pectinate 
and  prosthecate  mandibles.  By  contrast,  Subcluster  3  is  comprised  of 
members  of  the  Superfamily  Ephemeroidea,  which  are  burrowing  forms 
bearing  mandibles  with  long,  falcate  tusks  as  mandibular  extensions. 
Lastly,  Subcluster  4  consists  of  the  structurally  divergent  prosopis- 
tomatoid,  Prosopistoma  foliaceum. 

Geochronologic  History.  Controversy  exists  as  to  whether  aquatic 
nymphs  (naiads)  are  a  primitive  character  within  the  Paleoptera  (Hutch¬ 
inson  1981,  Messner  1988)  and  thus  whether  pectinate  mouthparts  are  a 
primitive  or  derived  condition  in  ephemeropterans .  All  major  cladistic 
treatments  of  insects  indicate  that  the  Ephemeroptera  and  Odonata  are 
the  sister  group  (or  groups)  of  all  other  winged  insects  (Kristensen 
1975,  1981;  Hennig  1981;  Boudreaux  1987)  and  thus  have  a  long  ancestry. 
This  evidence  and  the  presence  of  Carboniferous  fossils  referrable  to 
adult  ephemeropterans  or  its  stem-group  (e.g. Carpenter  1963)  suggest 
that  ephemeropterans  were  in  existence  during  the  Late  Carboniferous . 
However,  for  the  purposes  of  documenting  the  history  of  the  Pectinate 
mouthpart  class,  this  conclusion  must  be  tempered  by  the  absence  of 
Carboniferous  ephemeropteran  nymphs . 

The  oldest  ephemeropteran,  Bojophlebia  prokopi  KukalovA-Peck  1985, 
is  known  from  giant  adult  and  nymphal  specimens  occurring  in  Late 
Carboniferous  tuffites  from  Czechoslovakia  [98]  (Fig.  58).  Nymphs  of 
this  species  have  been  figured  and  described  by  Kukalov4-Peck  (1983, 
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FIGURE  58.  Geochronologic  history  of  the  Pectinate  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Chernova  (1980)  and 
Hennig  (1981).  The  taxonomic  level  of  analysis  is  the  superfamily. 
The  outgroup  is  Odonata;  the  relationship  of  Neoptera  to  Odonata  + 
Ephemeroptera  is  also  indicated.  These  fossil  occurences  are  not 
necessarily  a  complete  inventory  of  all  documented  fossil  members  of 
this  mouthpart  class . 
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1985)  and  possessed  gill-like  abdominal  structures.  If  these  structures 
are  indeed  aquatic  respiratory  organs,  then  this  specimen  is  probably 
the  earliest  known  aquatic  nymph.  Nevertheless,  this  fossil  and  two 
other  ephemeropteran  nymphs  described  from  Mazon  Creek  deposits  [97] 
(Kukalov4-Peck  1985)  do  not  represent  the  earliest  occurrences  of  the 
Pectinate  Mouthpart  Class  since  they  have  heads  with  prominent,  bulging 
eyes  and  prognathous  "mouthparts  [that]  are  well -developed,  sclerotized 
and  adapted  for  general  feeding"  (Kukalovi-Peck  1985:  943)  and  were 
probably  predaceous  in  life-habits.  The  Pectinate  Mouthpart  Class 
consequently  is  probably  a  post- Pennsylvanian  and  possibly  a  post- 
Paleozoic  development.  Thus,  in  this  case,  common  membership  in  the 
same  order  as  modern  mayflies  does  not  guarantee  concomitant  membership 
in  the  same  nymphal  mouthpart  class. 

The  next  oldest  known  identifiable  ephemeropteran  is  Triplosoba 
pulchella  (Brongniart)  1893,  an  adult  from  the  Upper  Carboniferous  of 
the  Commentry  Shale  of  France  [95]  (Demoulin  1956a,  Carpenter  1963, 
Chernova  1970) .  This  specimen  is  placed  in  the  suborder  Protephemero- 
ptera  of  the  order  Ephemeroptera  (Chernova  1970)  or  as  a  member  of  the 
stem-group  of  the  Ephemeroptera  (Hennig  1981) .  Several  adults  have  been 
documented  from  the  Lower  Permian  of  Kansas  [90],  the  Lower  Permian  of 
Cherkarda  in  the  USSR  [89] ,  the  Upper  Permian  at  Tikhie  Gory  in  the  USSR 
[88]  and  the  lowermost  Permian  of  the  lower  Rothliegende  Series  of 
Germany  [94] .  These  deposits  have  yielded  adult  ephemeropteran  compres¬ 
sion  fossils  of  the  suborder  Permoplectoptera,  including  Protereisma  of 
the  monotypic  Protereismatidae ,  Misthodotes  of  the  monotypic 
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Misthodotidae  and  Boter  of  the  monotypic  Eudoteridae  (Sellards  1907; 
Tillyard  1932,  1936;  Carpenter  1933;  Chernova  1965,  1970;  Kinzelbach 
1970;  Kinzelbach  and  Lutz  1984).  Adult  permoplectopterous  forms  are 
additionally  described  from  Upper  Permian  deposits  of  Eurasia  [86] 
(Martynov  1932) .  Hennig  (1981)  considers  the  Permoplectoptera  to  be  a 
member  of  the  stem- group  of  the  Ephemeroptera  and  not  true 
ephemeropterans . 

Permoplectopterous  nymphs  from  the  Early  Permian  [92,  90,89]  have 
been  described  and  discussed  by  Chernova  (1965),  Demoulin  (1966,  1970) 
and  KukalovA  (1968).  Although  some  difficulties  exist  in  associating 
aquatic  nymphal  stages  with  adult  stages  in  the  same  deposit,  wing 
venation  is  frequently  used  as  a  diagnostic  character  (Kukalovd  1968) . 
The  association  of  protereismatid  nymphs  and  adults  was  demonstrated  by 
KukalovA's  (1968)  study  of  Lower  Permian  nymphs  from  Kansas  [90]  and 
from  the  Boskovice  Furrow  of  Czechoslovakia  [92] .  These  nymphs  pos¬ 
sessed  typical  aquatic  specializations  of  extant  ephemeropterans ,  but 
because  of  the  presence  of  robust,  incisiform  mandibles  in  one  specimen, 
Kukalova  (1968)  indicated  that  they  were  predaceous,  unlike  most  modern 
forms.  A  somewhat  younger  specimen,  the  heptagenoid  nymph,  Mesoplecto- 
pteron  longipes  Handlirsch  1918 ,  has  been  described  from  the  Lower 
Triassic  Bunter  Sandstone  of  France  [81]  (Hennig  1981).  This  specimen 
is  undoubtedly  a  member  of  the  Pectinate  class  and,  in  the  absence  of 
further  details  on  the  mouthparts  of  Paleozoic  forms,  is  considered  the 
earliest  known  member  of  the  Pectinate  Mouthpart  Class . 
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Jurassic  members  of  the  Pectinate  mouthpart  class  are  more  abun¬ 
dant.  A  leptophlebiid  nymph,  Mesobaetis  sibirica  Brauer,  Redtenbacher 
and  Ganglbauer  1889 ,  has  been  described  from  the  Lower  Jurassic  of  Lake 
Baikal,  USSR  [67]  (Hennig  1981,  but  see  Hubbard  and  Savage  1981)  and 
from  Middle  Jurassic  deposits  of  northeastern  China  [64]  (Hong  1983). 
From  the  same  two  deposits  is  recorded  the  leptophlebiid  nymph,  Mesoneta 
antiqua  Brauer,  Redtenbacher  and  Ganglbauer  1889  (Chernova  1969,  1971; 
Hubbard  and  Savage  1981).  From  the  Upper  Jurassic  of  Transbaikalia, 

USSR  [62]  and  the  coeval  Ondai  Sair  Formation  of  Mongolia,  adults  and 
nymphs  of  the  giant  Ephemeropsis  have  been  found  (Demoulin  1954a,  1956b, 
Chernova  1961;  and  Cockerell  1925,  1927;  respectively).  This  form  has 
been  placed  in  the  extinct  family  Hexagenitidae  (Demoulin  1953) ,  and 
there  is  a  suggestion  that  it  may  have  oligoneurid  or  siphloneurid 
affinities  (Chernova  1961,  Hennig  1981).  From  the  same  deposit  in  the 
USSR,  Chernova  (1977)  has  documented  the  first  occurrence  of  nymphs 
belonging  to  the  modern  families  Paligeniidae  and  Behingiidae.  By 
contrast,  Upper  Jurassic  strata  of  Germany  [61]  bear  adult  members  of 
the  extinct  families  Mesephemeridae  (Carpenter  1932) ,  Paedephemeridae 
(Lame6re  1917)  and  Hexagenitidae  (Lame^re  1917,  Demoulin  1967). 

The  Cretaceous,  by  contrast,  marks  the  beginning  of  documented 

occurrences  of  many  modern  families .  The  lowermost  Cretaceous  of  Spain 

[56]  has  produced  the  palengeniid  Mesopalingea  lerida  Whalley  and 

Jarzembowski  1985,  whose  mandibles  were  described  as  follows: 

Nymph  with  broad,  flat,  mandibular  tusks  with  inward 
pointing  apical  tooth  on  each  tusk.  Outer  margin  of 
tusk  with  irregular  edge  formed  by  setal  sockets. 

Each  tusk  has  large  setal  bases  indicating  that  there 
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were  strong  setae  (not  preserved) .  Long  curved  man¬ 
dibles  have  double  molar  surface.  (pp . 384-385) . 

In  slightly  younger  Lower  Cretaceous  deposits  southern  Australia  [53] , 

at  least  three  relatively  well-preserved  genera  of  siphlonurid  nymphs 

are  preserved,  with  details  of  the  mouthparts  and  head  evident  (Jell  and 

Duncan  1986).  As  for  the  Paleogene,  the  deposit  most  diverse  in  members 

with  pectinate  mouthparts  is  Lower  Oligocene  Baltic  amber  [19]  of 

northern  Europe,  containing  eight  families  and  26  genera  of  mayflies 

(Demoulin  1965,  1968;  Larsson  1978). 

Previous  Designations.  Members  of  the  Pectinate  Class,  namely 
ephemeropteran  naids,  have  been  alluded  to  in  previous  mouthpart 
classifications.  In  1962  Metcalf  et  al.  defined  the  category  as 
"chewing  type:  brushing,  spatulate  or  scraping  subtype,"  which  accu¬ 
rately  describes  some  ephemeropteran  naiads.  Later  references  include 
the  "filtering  type"  of  Ross  et  al.  (1982)  and  "filter-feeding"  of  Smith 
(1985) - -feeding  types  that  definitely  include  members  of  the  Pectinate 
Class  (Table  6) .  While  the  term  pectinate  has  not  been  applied  to  ephe¬ 
meropteran  naiads  as  a  mouthpart  group,  I  am  using  the  term  as  a  name 
for  the  class  because  of  the  ubiquity  of  coarsely-arranged,  unclumped 
setae  used  for  filtering  and  other  forms  of  detritus  collection. 

Review  of  Literature.  General  references  for  mouthpart  and  head 
structure  of  North  American  forms  include  Morgan  (1913),  Murphy  (1922), 
Spieth  (1933a,  1933b)  and  Edmunds  (1984) .  Needham,  Traver  and  Hsu 
(1935)  presented  an  ecological  and  functional  account  of  mayfly  struc¬ 
ture.  Sternfeld  (1907)  described  the  mouthparts  of  several  northern 
European  species . 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


356 


Monographic  accounts  of  pectinate  species  are  provided  by  Schon- 
mann  (1981)  for  the  siphlonurid  Siphlonurus  aestivalis  Eaton,  Brown 
(1961)  for  the  baetids  Baetis  rhodani  Pictet  and  Chloeon  dipterxim 
Linneaus,  Froehlich  (1964)  for  the  heptageniid  Arthroplea  congener 
Bengtsson,  Strenger  (1954)  for  the  heptageniid  Ecdyonurus  helveticus , 
Schonmann  (1981)  for  the  heptageniid  Lepeorus  goyi  Peters  and  Strenger 
(1954)  for  the  leptophlebiid  Rithrogenia  hybrida.  Vassal  (1947)  and 
Noars  (1961)  have  discussed  details  of  the  hypopharyngeal  structure. 
Hardland-Rowe  (1953)  has  presented  a  short  account  of  the  use  of  silk 
nets  in  the  feeding  mechanism  of  a  burrowing  species.  Analyses  and 
summaries  of  flow-pattern  and  particle  capture  in  ephemeropteran 
filter- feeding  have  been  done  by  Wallace  and  O'Hop  (1979),  Wallace  and 
Merritt  (1980)  and  Braimah  (1987a,  1987b) . 

8.3.12.  Mouthbrush  Class 
(Class  11) 

Description.  Head  spheroidal;  nonproboscate ;  generally  protrac¬ 
tile.  Genae  extending  dorsoventrally ,  comprising  most  of  cranium  and 
delimiting  frontovertical  region;  gula  prominent,  rarely  minimally 
developed.  Antennae  setigerous,  less  often  palpiform  or  stubby; 
stemmata  (ocelli)  two,  commonly  more  than  3;  compound  eyes  absent  or 
moderately  developed  in  some.  Mouthparts  mandibulate,  prognathous, 
symmetrical  and  nonpro tractile .  Food  pump  clypeal  or  pharyngeal. 

Clypeus  variously  shaped;  fused  to  frons;  often  not  evident. 
Labrum  vertically  elongate,  rarely  otherwise;  undivided;  margin  pecti¬ 
nate,  penicillate  (labral  fan)  or  rarely  straight  to  curvilinear. 
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Pharyngeal  region  well  developed;  hypopharynx  a  sclerotized  molar 
structure  with  teeth,  a  lingulate  lobe,  or  pectinate  with  dentate 
superlingulae,  rarely  otherwise;  epipharynx  penicillate,  setate  or 
denticulate/spinose,  rarely  otherwise.  Mandibles  dicondylic;  mostly 
falcate,  tetragonal  or  securiform;  pectinate,  incisiform  with  prominent 
mesial  brush,  or  dominately  incisiform;  musculation  of  adduction/ 
abduction  type.  Maxillae  with  variously  shaped  main-body  of  one 
sclierite;  bearing  a  fused  galea  and  lacinia  (mala)  and  palpi.  Maxil¬ 
lary  palpi  stubby  or  mucronate;  1-  to  2-segmented;  short  in  length. 

Mala  penicillate,  setate/spinose ,  or  generalized.  Labium  reduced,  with 
elongate  main-body  of  1  or  2  sclerites,  bearing  a  glossa  or  ligula  only. 
Labial  palps  almost  always  absent.  Glossa  (ligula)  setate,  penicillate 
or  rarely  bearing  silk  glands.  Interregional  co-optation  of  mouthpart 
elements  absent. 

Key  Phenocharacters .  The  Mouthbrush  Class  is  only  moderately 
stereotyped  and  converges  in  some  structural  details  with  the  Pectinate 
Class  (Section  8.3.11).  However,  there  are  some  unique  or  near¬ 
exclusive  features.  First,  the  persvasiveness  of  brushlike  or  pectinate 
structures  on  virtually  all  mouthpart  elements  is  noteworthy.  These 
filtering  or  scraping  structures  also  occur  on  projecting  appendages, 
including  antennae,  labral  fan  stalks  and  maxillary  palps.  Secondly, 
the  cephalic  capsule  is  different  from  those  of  the  hemimetabolous 
Pectinate  Class:  the  mouthbrush  head  lacks  typical  adult  sensory 
organelles  and  mouthbrush  members  are  often  blind.  Thirdly,  the  lab rum 
is  frequently  modified  into  large,  pedunculate,  lateral  fans  or  into  a 
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marginal  medial  fan  or  pectines  with  long  setae  and  spinose  processes . 
Lastly,  the  labium  has  been  transformed  into  a  truncate,  deltoid 
sclerite  bearing  serrated  spines  or  a  brush. 

Diversity  and  Natural  History.  Members  of  the  Mouthbrush  Class 
dominantly  constitute  aquatic  nematoceran  dipteran  larvae  that  are  major 
detritivores  and  herbivores  (uncommonly  carnivores)  in  freshwater 
ecosystems  (Fig.  59).  The  mouthpart  class  also  includes  the  terrestrial 
larvae  of  wood-boring  buprestid  coleopterans  and  leaf-mining  phyllo- 
cnistid  and  gracillariid  lepidopterans .  The  class  taxonomically 
comprises  nearly  all  nematocerans ,  except  for  ceratopogonids ,  several 
undiverse  bibionid  families  and  cecidomyiids .  The  Mouthbrush  Class 
consists  of  approximately  43,800  species,  approximately  900  genera  and 
16  families  (Appendix  D) .  Its  rank-order  within  the  34  mouthpart 
classes  is  10  (Table  5,  Fig.  131) --a  significant  representation  of  a 
major  ecological  group  of  holometabolous  insects. 

Ecological  partitioning  of  aquatic  food  resources  among  most 
members  of  the  Mouthbrush  Class  has  been  extensively  documented  (Wallace 
and  Merritt  1980,  Merritt  and  Wallace  1981,  Cummins  and  Merritt  1984, 
Anderson  and  Cargill  1987) .  From  discussions  in  Surtees  (1959) ,  Pucat 
(1965) ,  Chance  (1970)  and  Cummins  and  Merritt  (1984) ,  aquatic  nemato- 
cerous  larvae  occupy  three  major  feeding  roles  or  functional  feeding 
groups  (Cummins  1973)  in  lotic  and  lentic  habitats.  These  are  (i) 
filter- feeders  or  collectors,  (ii)  browsers,  grazers  or  scrapers  and 
(iii)  predators.  Filter-feeders  occur  in  the  neuston,  epibenthic  and 
infaunal  zones  and  consist  of  anopheline  and  many  culicine  mosquitoes 
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(Pucat  1965,  Newson  1984),  cephalic  fan-bearing  simuliids  (Peterson 
1984)  and  most  chironomids  (Coffman  and  Ferrington  1984) ,  the  latter  of 
which  often  filter-feed  by  silken  nets  (Leathers  1922,  Walshe  1947, 
Merritt  and  Wallace  1981).  Browsers  are  mostly  bottom- feeding  and 
include  many  culicine  mosquitoes  (Surtees  1959,  Pucat  1965),  some 
simuliids  (Chance  1970) ,  some  chironomids  (Leathers  1922) ,  tipulids 
(Byers  1984) ,  ptychopterids  (Mattingly  1987a) ,  dixids  and  psychodids 
(Merritt  and  Schlinger  1984) .  Predators  feed  by  engulfing  prey  and  are 
dominately  chaoborids  (Pucat  1965,  Sih  1987),  some  culicine  mosquitoes 
(Surtees  1959)  and  some  chironomids  (Chance  1970,  Coffman  and  Ferrington 
1984) .  Aquatic  larval  dipteran  forms  with  mouthbrushes  are  diverse 
taxonomically  as  well  as  trophically,  and  chironomids  alone  often 
account  for  at  least  50%  of  the  macro invertebrate  fauna  in  temperate 
freshwater  ecosystems  (Coffman  and  Ferrington  1984) . 

Buprestid  larvae  are  vermiform,  apodous,  wood-boring  larvae  with 
enlarged  cranial/prothoracic  capsules  to  support  massive  mandible 
musculature  for  boring  into  wood.  Buprestid  larvae  possess  character¬ 
istic  sawlike  mandibles  for  cutting  through  cambial  and  other  woods 
(Crowson  1981).  Similarly,  modifications  in  leaf -mining  phyllocnistid 
and  gracillariid  larvae  include  an  enlarged  head  to  support  mouthpart 
musculature  and  mandibular  specializations  for  macerating  leaf  tissue. 
Both  larval  types  are  frequently  host- specific ,  and  frequently  leaf- 
miners  specialize  on  consumption  of  particular  leaf  tissues ,  such  as  the 
mesophyll,  pallisade  or  vascular  bundles  (Needham  et  al.  1928,  Hering 
1950).  Like  aquatic  members  of  the  mouthbrush  class,  larval  buprestids, 
phyllocnistids  and  gracillariids  possess  prominent  setate  mouthparts . 
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Structural  Themes.  There  are  four  major  themes  that  are  expressed 
as  subclusters  within  the  dendrogram  of  Mouthbrush  Mouthparts  (Fig.  60) . 
They  are  (i)  a  tipuloid/buprestid  theme  (data-set  entries  537  to  800  in 
Fig.  60)  of  aquatic,  semiaquatic  and  wood-boring  larvae,  (ii)  a 
culicoid/bibionoid  theme  (805  to  832)  of  mostly  aquatic  or  semiaquatic 
dipterans  that  form  the  core  of  the  dendrogram,  (iii)  a  small  subcluster 
of  two  lepidopterans  and  the  dipteran  Bittacomorpha  clavipes  Fabricius 
(808  to  1123),  comprising  leaf -mining  and  semiaquatic  larvae  and  (iv) 
the  single,  isolated  taxon  of  Perissosoma  fusca  Colless  (849),  a  borer 
in  rotting  wood.  Although  dominated  by  aquatic  particulate  feeders,  the 
presence  of  leaf-miners,  wood-borers  and  semiaquatic/semiterrestrial 
larvae  provide  an  ecological  depth  to  this  mouthpart  class . 

The  tipuloid/buprestid  subcluster  is  differentiated  from  the  three 
other  groups  principally  by  presence  of  palpiform  antennae,  an  undivided 
and  transverse  clypeus,  and  absence  of  ocelli  and  a  labral  fan.  Whereas 
the  culicoid/bibionoid  subcluster  is  dominated  by  culicids,  chironomids 
and  simuliids,  it  also  includes  a  tanyderid  (805)  and  a  smattering  of 
diverse  bibionoid  taxa  such  as  a  pachyneurid  (550),  an  axmyiid  (851),  a 
bibionid  (856) ,  a  sciarid  (865)  and  a  mycetophilid  (866)  .  Unique 
features  of  this  relatively  diverse  subcluster  include  filiform  or 
pectinate  antennae,  a  pectinate  or  penicillate  labral  margin  (often  a 
labral  fan)  and  glossae  modified  as  brushes  of  abundantly  setate 
pectines.  These  structures  are  involved  in  filter- feeding  or  filter- 
sieving  in  freshwater  habitats.  There  is  evident  subdivision  of  this 
subcluster  into  distinctive  chironomid/bibionoid,  chaoborid/culicid  and 
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MOUTHBRUSH  MOUTHPARTS 


FIGURE  60.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Mouth¬ 
brush  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouth- 
part  class  to  other  mouthpart  classes. 
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simuliid  groupings.  The  third  subcluster  is  dominated  by  the  tineoid 
lepidpteran  taxa  Gracillaria  stigmatella  Fabricius  and  Phyllocnistis 
suffusella  Zeller  but  includes  the  dipteran  B.  clavipes.  The  lepidop- 
teran  members  of  this  subcluster  is  characterized  by  head  retractabi- 
lity,  a  well -developed  pharyngeal  food  pump  and  presence  of  a  silk- 
producing  apparatus  incorporating  elements  of  the  labium,  hypopharynx 
and  labium.  Although  these  lepidopteran  taxa  are  leaf-miners,  the 
inclusion  of  B.  clavipes  is  based  on  mouthpart  features  unrelated  to 
leaf -mining.  B.  clavipes  inhabits  mud  that  is  highly  saturated  in 
water.  Lastly,  the  position  of  Perissosoma  fusca  Colless  is  remote  when 
compared  to  other  members  of  the  mouthpart  class  and  distinguished  by 
mouthpart -related  structures  for  boring  in  damp,  rotten  wood  (Wood 
1981) . 

Geochronologic  History.  From  what  is  known  of  the  fragmentary 
Lower  Mesozoic  fossil  insect  record,  the  earliest  assured,  known 
dipterans  are  Upper  Triassic  (Fig.  61)  and  consist  principally  of  wings 
in  coal  deposits  from  Issyk-Kul  in  Soviet  central  Asia  [73]  (Crowson  et 
al.  1967,  Rohdendorf  1974,  Hennig  1981,  Carpenter  and  Burnham  1985). 
Rohdendorf  (1957,  1974)  has  described  from  this  site  54  dipteran 

* 

species ,  some  of  which  are  placed  in  the  relict  suborder  Archidiptera 
(an  invalid  assignment  according  to  Hennig  [1981])  and  most  of  which  are 
considered  as  nematoceran  relatives .  Since  larvae  are  absent  from  this 
site  and  there  is  no  assignment  of  these  fossil  genera  to  modern 
families,  any  inference  that  these  Upper  Triassic  nematoceran  larvae 
were  members  of  the  Mouthbrush  Class  is  tentative.  Most  of  the 
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dipterans  of  this  fossil  assemblage  however  have  a  nematoceran  facies 
and  Rohdendorf  (1974:  142)  claims  that  "Among  the  Upper  Triassic  tipulo- 
morphs,  there  are  undoubtedly  forms  related  to  the  ancestors  of  other 
younger  groups  of  the  infraorder."  Although  Hennig  (1981)  by  contrast 
maintains  that  some  of  these  forms  are  unassignable  to  various  nemato¬ 
ceran  stem  groups,  he  asserts  that  Architendipes  tschemovskyi  Rohden¬ 
dorf  and  Palaeotendipes  alexii  Rohdendorf  are  assured  chironomids 
(p.430)  and  ArchiCipula  radiata  Rohdendorf  is  a  tipulomorph  (p.426). 
Based  on  these  qualifications  and  the  near  exclusive  presence  of  larvae 
with  mouthbrushes  in  chironomids  and  tipulomorphs ,  I  am  considering  the 
earliest  documented  occurrence  of  the  Mouthbrush  Class  as  Late  Triassic. 
(See  Fig.  61  and  phylogenetic  trees  and  cladograms  of  Rohdendorf  [1946: 
84;  1980:  113],  Hennig  [1981:  423],  Resh  [1984:  68]  and  Wood  and  Borkent 
[1989]  for  opinions  regarding  the  timing  of  origin  of  major  nematoceran 
groups . ) 

Jurassic  deposits  have  also  yielded  nemoatoceran  wings,  including 
a  tentative  mycetophilid  wing  from  the  Lower  Jurassic  of  England  [69] 
(Whalley  1985).  Tillyard  (1933)  has  described  architipulids  from  coeval 
sediments  of  the  Lower  Jurassic  of  England,  and  architipulids  and  other 
presumed  nematocerans  occur  in  similar  age  deposits  from  Mecklenburg, 
Germany  [68]  (Handlirsch  1908:  487-492).  Additionally,  a  psychodid, 
Mesopsychoda  dasyptera  Brauer,  Redtenbacher  and  Ganglbauer,  has  been 
reported  from  the  Lower  Jurassic  of  Siberia  [67]  (Rohdendorf  1974). 

From  the  Middle  Jurassic  deposits  of  Karatau,  Soviet  central  Asia  [60], 
Rohdendorf  (1974)  has  described  nine  tipuloids  and  bibionoids.  From 
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this  deposit,  Kalugina  (1977)  has  documented  the  earliest  member  of  the 
Mouthbrush  Class  that  can  be  verified  as  a  fossil,  a  chaoborid  larva 
(Wootton  1988).  Additionally,  adult  chironomid  and  tipulid  pupae  and 
adults  are  known  from  the  Upper  Jurassic  of  Siberia  [?62]  (Kalugina,  in 
Rohdendorf  and  Rasnitsyn  1980) .  Hong  (1983)  has  described  adult 
nematocerans ,  including  tipulids  from  Middle  Jurassic  deposits  of 
northern  China  [64] . 

With  the  exception  of  amber  material,  Jell  and  Duncan  (1986)  have 
described  probably  the  best-preserved  Mesozoic  dipteran  larval  material, 
including  an  indeterminate  tipulid,  the  chaoborid  Chironomaptera 
collessi  Jell  and  Duncan,  and  an  indeterminate  chironomid,  all  from 
Lower  Cretaceous  shales  of  southern  Australia  [53]  .  The  cephalic  fan 
rays  of  the  chironomid  larva  are  quite  evident  (Jell  and  Duncan  1986) . 
Other  taxa  from  the  same  deposit  includes  several  indeterminate  forms: 
tipulid  pupae,  adults  of  limoniid  tipulids,  adults  of  tanyponine 
chironomids ,  adults  and  pupae  of  simuliids  and  the  adult  sciophilinid 
Pseudalysiina  fragmenta  Jell  and  Duncan.  The  proportionately  higher 
representation  of  aquatic  larval  forms  over  terrestrial  adults  is  a 

unique  feature  of  this  deposit  and  the  diversity  of  nematocerans  in  this 

* 

deposit  provides  evidence  for  a  well -differentiated  Mouthbrush  Class  by 
Early  Cretaceous  times.  Upper  Cretaceous  amber  from  Canada  [35]  and 
Siberia  [37]  have  revealed  the  presence  of  undescribed  tipuloid, 
chironomid,  bibionid,  mycetophilid  and  sciarid  nematocerans  (Carpenter 
et  al.  1934,  McAlpine  and  Martin  1969,  Kalugina  1976). 
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Studies  of  abundant  Lower  Tertiary  amber  material,  particularly 
from  the  Baltic  region,  have  documented  the  occurrence  of  almost  every 
extant  nematoceran  family  with  mouthbrush-bearing  larvae.  (See  Larsson 
[1978]  for  a  review  of  Baltic  Amber  [19]  nematocerans) .  Notably, 
cu-licid  larvae,  abundant  in  the  modern  fauna,  are  not  convincingly 
documented  before  the  Eocene  (Wootton  1988) . 

Wood-boring  and  leaf-mining  members  of  the  mouthbrush  mouthpart 
class  have  a  poorer  fossil  record  than  their  aquatic  larval  members. 
Although  buprestids  have  a  probable  earliest  occurrence  as  adult  fossils 
in  Late  Triassic  deposits  of  the  US  [76]  (Olsen  et  al.  1976),  they 
undoubtedly  are  present  in  Upper  Jurassic  deposits  of  Eurasia  [61,60] 
(Ponomarenko  1971,  Crowson  1981).  Wood-borings  attributable  to  larval 
buprestids  may  have  an  earlier  legacy.  By  contrast  gracillariids  and 
phyll°c*tLstids  are  more  poorly  known.  Gracillariid  leaf-mines  occur  on 
Platanus  (Platanaceae)  leaves  from  Late  Cretaceous  strata  of  the  USSR 
[39]  (Kozlov  1988b).  A  gracillariid  blotch  mine  resembling  that  of 
modern  Phyllonoryctes  (■= Lithocolletis )  occurs  on  an  unknown  Miocene  leaf 
(Freeman  1965,  Opler  1973)  and  a  Phyllocnistis- like  mine  on  Cedrela 
(Meliaceae)  was  reported  from  the  Miocene  of  Wyoming  [28]  (Hickey  and 
Hodges  1975).  Also,  body-fossils  of  gracillariids  are  known  from  Baltic 
amber  [19]  (Kozlov  1987).  These  data  indicate  that,  for  the  mouthbrush 
mouthpart  class ,  the  wood-boring  habit  was  present  by  the  Late  Jurassic 
and  that  the  leaf -mining  habit  extends  to  the  Late  Cretaceous  (see 
Section  8.3.14  for  documentation  of  these  life-habits  among 
sericterates) . 
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Previous  Designations.  The  unique  ensemble  of  mouthparts  pos¬ 
sessed  by  nematoceran  larval  dipterans  has  been  recognized  for  some  time 
(e.g.  Meinert  1886).  The  nomenclature  for  referring  to  this  discrete 
mouthpart  type,  however,  appeared  later.  Metcalf  et  al.  (1962:  141) 
made  reference  to  a  "chewing  type:  brushing,  spatulate,  or  scraping 
subtype,"  which  may  not  be  relevant  for  aquatic  forms,  but  since  the 
authors  applied  the  phrase  to  terrestrial  coleopterans ,  it  probably  is 
transferrable  to  wood-boring  forms  and  possibly  leaf -miners  within  the 
mouthpart  type  discussed  herein.  James  and  Harwood  (1969:  33)  mentioned 
the  larval  "mosquito  and  blackfly  feeding  apparatus , "  which  is  largely 
synonymous  with  the  "Mouthbrush  Class"  used  in  this  study  (Table  6). 
Chaudonneret  (1983)  used  the  designation,  "pieces  buccales  broyeuses  et 
filtrantes"  to  refer  to  a  filter-feeding  modification  of  the  generalized 
mandibulate  thdme  found  in  many  aquatic  dipteran  larvae.  A  shift  to  a 
more  functionally- oriented  designation  is  found  in  Ross  et  al.  (1982) 
with  their  "filtering  type"  and  Smith  (1985)  who  described  these 
mouthparts  as  "filter- feeding"  (Table  6) . 

I  have  decided  to  use  the  term  "mouthbrush"  as  a  morphological 
term  for  characterizing  the  mouthparts  discussed  herein.  The  term  was 
first  used  in  unhyphenated  and  unjoined  form  as  a  collective  descriptor 
of  many  brushlike  mouthpart  structures  in  culicine  mosquitoes  by  Nuttall 
and  Shipey  (1901)  and  Salem  (1931) .  Salem  apparently  used  "mouth  brush" 
synonymous ly  with  "feeding-brush"  in  his  1931  article.  The  more 
mouthpart-specific  term  "brush,"  also  is  traceable  to  Nuttall  and 
Shipley  (1901)  and  was  incorporated  by  Imms  (1907),  Shalaby  (1956, 
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1957a,  1957b) ,  Snodgrass  (1959)  and  others  in  important  descriptions  of 
culicid  mouthparts .  During  this  time  and  soon  thereafter  the  term 
"brush"  became  adjectively  qualified  to  refer  to  specific  mouthpart 
structures,  including  labral  brushes  (Shalaby  1957b,  Manning  1978), 
mandibular  or  prosthecal  brushes  (Pao  and  Knight  1970,  Knight  1971, 

Craig  1977,  Harbach  1977)  and  palatal  brushes  (Craig  1974a,  Davis  1974, 
Borkent  and  Wood  1986),  among  others.  Because  of  its  general  reference 
to  a  type  of  mouthpart  structure  ubiquitously  found  in  most  major 
mouthpart  elements  of  larval  nematocerans  and  because  of  its  early  usage 
in  culicid  mouthpart  studies,  I  am  designating  the  term  mouthbrush  for 
this  mouthpart  grouping. 

Review  of  Literature.  A  substantial  literature  exists  for  de¬ 
scription  of  micro-  and  macrostructure,  functional  morphology  and 
feeding  habits  of  the  Mouthbrush  Class .  Much  of  this  literature  is 
relatively  recent,  dating  from  the  1950 's  to  the  present,  and  is 
centered  on  culicids  and  to  a  lesser  degree  on  chironomids  and  simu- 
liids.  Much  of  the  classic  descriptive  literature  has  been  replaced  by 
recent  research  documenting  SEM  ultrastructure  of  cephalic  fans  and  fan 
meshwork,  executing  cinematographic  studies  of  particle  flow  and 
particle  capture  and  describing  mouthpart  mechanisms  of  particle  capture 
and  engulfment. 

Literature  sources  describing  head  and  mouthpart  morphology  of 
additional  species  of  the  Mouthbrush  Class  include  Peterson's  (1951) 
general  account  of  head  and  mouthpart  structure  for  all  families  in  the 
class,  Snodgrass'  (1959)  discussion  of  the  head  and  mouthpart  structure 
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and  feeding  types  of  several  culicine  genera  and  Pucat's  (1965)  documen¬ 
tation  of  several  representative  culicid  and  chaoborid  species  and  their 
feeding  mechanisms.  Smith  (1985)  has  provided  a  succinct  functional 
morphological  account  of  filtering  mechanisms . 

Studies  focusing  on  particular  mouthpart  elements  include  Barraud 
and  Coveil's  (1928)  review  of  buccal  cavity  structure  in  several  culicid 
species,  Knight's  (1971)  and  Harbach's  (1977)  comparisons  of  mandibulate 
dentition  and  brush  development  among  representative  culicid,  chaoborid 
and  dixid  genera,  and  Harbach's  (1978)  comparative  study  of  labiohypo- 
pharynges.  Besides  Wirth  and  Stone's  (1956)  account,  recent  family- 
based  accounts  can  be  found  in  Alexander  and  Byers  (1981)  and  Byers 
(1984)  for  Tipulidae,  Wood  (1981b)  for  Pachyneuridae ,  Hardy  (1981)  for 
Bibionidae,  Steffan  (1981)  for  Sciaridae,  Alexander  (1981b)  for  Bibio- 
nidae,  Steffan  (1981)  for  Sciaridae,  Alexander  (1981b)  for  Tricho- 
ceridae,  Alexander  (1981c)  for  Ptychopteridae ,  Peters  (1981)  for 
Dixidae,  Cook  (1981)  for  Chaoboridae,  Stone  (1981)  and  Newson  (1984)  for 
Culicidae,  Stone  and  Peterson  (1981)  for  Thaumaleidae,  Oliver  (1981)  and 
Coffman  and  Ferrington  (1981)  for  Chironomidae  and  Peterson  (1981b, 

1984)  for  Simuliidae. 

Documentation  of  mouthpart  and  head  structure  and  feeding  habits 
of  larval  culicids  is  extensive,  principally  because  of  the  role  adult 
mosquitoes  play  as  vectors  of  various  pathogens  affecting  humans  in  the 
tropics  and  subtropics.  These  include  malaria,  transmited  by  Anopheles, 
and  yellow  fever,  dengue,  encephalitis  and  filariosis,  transmitted  by 
Aedes  and  Culex  (see  Gillott  1980:  664).  Studies  describing  Aedes 
mouthpart  and  head  morphology  include  Shalaby  (1957a)  for  A.  aegypti 
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(Linneaus),  Gardner,  Nielsen  and  Knight  (1973)  for  A.  communis  (DeGeer) , 
and  Pao  and  Knight  (1970)  for  A.  vexans  (Meigen) .  For  Anopheles, 
similar  studies  are  Schremmer  (1950a)  for  A.  maculipennis  Meigen,  and 
Farnsworth  (1947),  Shalaby  (1956)  and  Menees  (1958)  for  A.  quadrimacu- 
lata  (Say) .  Mouthpart  and  head  structures  of  Culex  have  been  described 
by  Chaudonneret  (1962,  1965)  for  C.  pipiens  (Linneaus)  and  Shalaby 
(1957b)  for  C .  quinquefasciatus  (Say) .  Sources  discussing  particular 
culicid  mouthpart  elements  are  Gardner  and  Nielsen  (1973)  for  mouthpart 
dentition  and  setation  of  Aedes ,  Manning  (1978)  for  SEM's  of  mouthpart 
and  filter-fan  ultrastructure,  and  Merritt  and  Craig  (1987)  for  eluci¬ 
dating  mucous  production  in  fine  particle  capture.  Cook  (1944b)  has 
presented  a  general  survey  of  the  mouthparts  and  head  structures  of  four 
representative  culicid  genera. 

Adult  simuliids,  or  black  flies,  are  serious  sanguinivorous  pests 
of  humans  and  domestic  animals,  and  transmit  several  major  diseases. 

Thus  their  study  has  been  a  concern  of  many  economic  entomologists . 
Discussions  of  mouthpart  and  head  structures  are  provided  by  Davies 
(1974)  for  Crozetia  crozetensis  (Womersley) ,  Borkent  and  Wood  (1986)  for 
Parasimulium  stone i  Peterson,  Craig  (1977)  for  Simulium  tahitiense 
Edwards,  and  Craig  (1974,  1977)  and  Craig  and  Chance  (1982)  for  Simulium 
vittatum  Zetterstedt.  Additional  documentation  can  be  found  in  Fortner 
(1937)  for  mouthpart  structure  in  Simulium  sp.,  Chance  (1970)  for 
particle  size  partitioning  in  four  species  of  simuliids,  and  Ross  and 
Craig  (1980)  for  use  of  mucous  in  particle  capture.  Craig  (1974)  and 
Borkent  and  Wood  (1986)  compare  the  cephalic  fan  structure  of  several 
simuliid  genera.  The  biomechanics  of  particle  capture  under  specified 
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flow  regimes  have  been  demonstrated  by  Ross  and  Craig  (1980) ,  Chance  and 
Craig  (1986)  and  Braimah  (1987a,  1987b). 

Chironomid  larval  mouthparts  have  been  extensively  studied  because 
of  their  major  role  as  filter -feeders  in  freshwater  ecosystems. 
Descriptions  of  the  heads  and  mouthparts  of  particular  species  can  be 
found  in  Leathers  (1922)  for  Chironomus  braseniae  Leathers,  in  Gouin 
(1957)  for  Chironomus  plumosus  Linneaus,  by  Cook  1944c)  for  an  unidenti¬ 
fied  species  of  Chironomus,  by  Burtt  (1940)  for  Glyptotendipes  glaucus 
(Meigen) ,  and  by  Mtih  (1985)  for  Macropelopia  nebulosa  (Meigen) . 
Additional  mouthpart  references  on  Chironomus  Miall  and  Hammond  (1892) , 
Walshe  (1947)  and  Gouin  (1959).  Gouin  (1959)  and  Oliver  (1981)  provide 
general  reviews  of  chironomid  mouthparts  and  feeding  habits. 

Discussions  of  mouthpart  and  head  structure  for  dixids  occur  in 
Smith  (1928),  Schremmer  (1950b)  and  Felix  (1962).  Among  chaoborids, 
Colless  (1977)  has  described  a  unique  filtering  mechanism  in  Australo- 
mochlonyx  nitidus  Freeman,  and  Gigufere  and  Dill  (1983)  have  documented 
the  feeding  cycle  of  Chaoborus  trivittatus  Loew  by  cinematography.  For 
tipulids,  Cook  (1949)  and  Snodgrass  have  described  the  head  and  mouth¬ 
parts  of  species  of  Tipula,  and  Chiswell  (1955)  has  done  likewise  for 
Tipula  livida  Van  der  Wulp.  Ptychopterid  mouthpart  and  head  structures 
are  documented  by  Kramer  (1954)  for  Bittacomorpha  sp.  and  Hodkinson 
(1973)  for  Ptychoptera  lenis  Osten  Sachen.  Keilen  (1940)  has  described 
similar  structures  for  the  trichocerid,  Trichocera  hiemalis  (DeGeer) . 

Descriptions  of  buprestid  larval  head  and  mouthpart  structures 
include  Bfiving  and  Craighead  (1931)  and  Peterson  (1951)  for  Chryso- 
bothris  femorata  Oliver  and  Chalcophora  virginiensis  Drury.  For  the 
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leaf -miner  Gracillaria  stigmatella  Fabricius ,  useful  descriptions  were 
provided  by  Tragardh  (1913) ,  DeGryse  (1915)  and  MacKay  (1972) .  The 
leaf-miner  Phyllocnistis  suffusella  Zeller  was  described  by  Tragardh 
(1913) ,  Jayewickreme  (1940)  and  Grandi  (1959) . 

This  literature  review  covers  only  a  minor  portion  of  the  numerous 
studies  investigating  mouthpart  and  head  structure  of  the  Mouthbrush 
Class.  Because  of  a  recent  upsurge  of  research  in  this  mouthpart  class, 
structural  descriptions  and  functional -morphological  documentation 
probably  will  increase  disproportionately,  when  compared  to  other 
mouthpart  classes. 

8.3.13.  Mandibulobrustiate  Class 
(Class  12) 

Description.  Head  nonproboscate ,  spheroidal  to  anteriorly  pro¬ 
longed.  Genae  dorsally  and  ventrally  expanded,  comprising  most  of 
cranium;  gular  region  prominent  to  moderately  developed.  Frontoclypeus 
wide  and  triangular,  demarcated  by  an  inverted  Y-shaped  epistomal 
suture.  Antennae  short  and  stubby,  or  absent;  lateral  ocelli  present 
(often  grouped  as  stemmata) ;  compound  eyes  absent.  Mouthparts  mandibu- 
late,  prognathous  or  hypognathous ,  symmetrical,  non  retractile.  Food 
pump  evidently  pharyngeal . 

Clypeus  quadrate  to  vertically  elongate ;  fused  to  frons .  Labrum 
vertically  elongate,  rarely  quadrate  or  transversely  elongate;  undi¬ 
vided;  margin  pectinate  or  infrequently  straight  to  curvilinear  or 
penicillate.  Hypopharynx  bilobed,  with  lateral  brushes  associated  with 
labiomaxillary  spinneret;  epipharynx  membranous.  Mandibles  dicondylic; 
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pyramidal  to  rarely  falcate;  acuminately  incisiform,  often  with  brush  or 
setal  tuft  in  molar  region;  musculation  typical  of  adduction/ abduction. 
Maxilla  with  main-body  divided  into  3  sclerites;  stipes  elongate; 
bearing  a  lacinia  and  palpus.  Maxillary  palpi  mucronate;  4- segmented; 
short  to  intermediate  in  length.  Lacinia  a  falcate  pectinate  comb  with 
mesially  directed  setae  or  spines,  or  fimbriate;  galea  absent.  Labium 
main-body  equant  to  elongate ,  subdivided  into  two  sclerites ;  bearing 
glossae  and  palpi.  Labial  palps  papillate/stubby  or  mucronate;  1-  to  3- 
segmented;  short  in  length.  Glossae  a  hypopharynx- associated  spinneret 
fused  with  maxillae  to  form  a  labiomaxillary  complex;  paraglossae 
absent.  Interregional  co-optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  The  major  diagnostic  character  of  the  Mandi- 
bulobrustiate  Class  is  a  distinctive  pyramidal  mandible  with  an  incisi¬ 
form  distal  region  and  a  variously  developed  brush  or  brushlike  struc¬ 
ture  occurring  mesially  in  the  molar  region.  Second,  a  labiomaxillary 
complex  housing  a  spinneret  is  present,  although  this  feature  is  also 
present  in  the  Sericterate  Class  (Section  8.3.14).  Galeae  are  absent 
and  most  head  appendages  are  either  extremely  reduced  or  dimunitive  and 
e  stubby  in  form. 

Although  this  mouthpart  class  is  moderately  stereotyped,  it 
exhibits  some  common  features  with  other  mouthpart  classes  characterized 
by  a  derived,  holometabolous  larval  facies.  The  Mandibulobrustiate 
Class  is  most  similar  to  the  terrestrial  Sericterate  Class  but  can  be 
differentiated  from  it  by  mouthpart  structures ,  especially  brushes , 
related  to  feeding  in  the  aquatic  realm.  It  can  be  differentiated  from 
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the  Pectinate  Class  (Section  8.3.11)  by  its  holometabolous  larval 
facies,  differences  in  head  shape  and  mouthpart  vestiture  that  is  beset 
with  brushlike  rather  than  pectinate  or  spinose  processes.  Mandibular 
brushes,  often  in  the  form  of  prosthecae,  are  found  in  adult  floricolous 
beetles  (Bertin  1923,  Blackwelder  1934,  Barth  1985;  see  Section  6.9.3) 
but  their  adult  head  structure  nevertheleess  departs  significantly  from 
the  holometabolous  larval  facies  of  the  Mandibulobrustiate  Class. 

Diversity  and  Natural  History.  The  Mandibulobrustiate  Class  con¬ 
sists  of  all  larval  stages  of  trichopterans ,  a  group  of  holometabolous 
insects  that  are  almost  exclusively  aquatic  (only  a  few  terrestrial 
forms  are  known)  and  are  a  major  ensemble  of  primary  consumers  in 
freshwater  ecosystems  (Wallace  and  Merritt  1980,  Anderson  and  Cargill 
1987) .  Mandibulobrustiates  occur  in  lotic  and  lentic  habitats  and  on 
various  substrates,  particularly  mud,  sand,  rocky  bottoms,  submerged 
vascular  hydrophytes ,  moss ,  filamentous  algae  and  even  sponges  (Wiggins 
1984) .  Members  of  this  mouthpart  class  are  either  climbers ,  sprawlers 
or  dingers  (Cummins  and  Merritt  1984)  and  construct  either  (i)  fixed 
burrows  with  silken  tube  retreats,  (ii)  portable,  silk-wolven  larval 
cases  of  various  mineralic  and  plant  substrates  and  geometric  designs, 
or  (iii)  silk  nets  of  various  shapes  and  meshes  in  fixed  retreats 
(Sattler,  1958,  Wallace  and  Malas  1976,  Merritt  and  Wallace  1981, 

Wiggins  1984).  Some  forms  are  free-living  and  lack  larval  retreats  or 
larval  cases  (Wiggins  1984) . 

Mandibulobrustiates  consist  of  0.74%  of  all  insects  and  are  a 
moderately  diverse  group  taxonomically ,  comprising  39  families,  about 
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CLASS  12:  MANDIBULOBRUSTIATE 


INCLUDED  TAXA: 
Trichoptera 


b  N-28 


FIGURE  62.  Overview  of  the  Mandibulobrustiate  Mouthpart  Class.  a, 
Limnephilus  flavicomis  Fabricius  (Trichoptera:  Limnephilidae ,  data 
set  no.  1059),  after  Winkler  (1959);  b,  taxonomic  distribution, 
number  of  taxa  examined  and  geochronologic  range;  c,  functional¬ 
feeding-groups;  d,  dietary  spectrum. 
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630  genera  and  about  6600  species  (Appendix  D) .  This  diversity  trans¬ 
lates  to  a  rank-order  of  17  among  34  mouthpart  classes  (Table  5,  Fig. 
131).  Most  members  are  herbivores  of  one  type  or  another  (Fig.  62)  and 
exhibit  minimal  food  selectivity  (Slack  1936,  Hickin  1967,  Wallace  and 
Merritt  1980).  In  terms  of  functional -feeding- groups ,  they  are  charac¬ 
terized  by  the  following  five  categories:  collector-filterers , 
collector - gatherers ,  scrapers,  shredders  (both  herbivorous  and  detriti- 
vorous  versions)  and  predator- engulf ers  (Cummins  1973,  Cummins  and  Klug 
1979,  Wiggins  1984).  A  few  are  "piercers"  (Wiggins  1984)  that  lack 
stylate  mouthparts  and,  because  of  their  very  small  size,  are  able  to 
puncture  individual  algal  cells  using  nominal  mandibulate  mouthparts.  A 
common  theme  of  this  group  is  the  use  of  mouthpart -spun  silk  for  net 
construction  or  as  a  building  material  for  burrow  lining  or  larval  cases 
(Wallace  and  Merritt  1980) . 

Structural  Themes.  Mandibulobrustiates  are  characterized  by  six 
major  subclusters  (Fig.  63).  The  phenetic  pattern  of  mandibulobrustiate 
mouthparts  is  a  large  central  subcluster  encompassing  almost  all 
trichopteran  families  (bracketed  by  data-set  nos.  1033  to  1076  in  Fig. 
63)  and  five  structurally  divergent  families  occurring  as  segregates 
outside  this  central  subcluster.  The  dominance  of  this  central  subclus¬ 
ter  is  reflected  in  the  character- state  distributions  of  relevant 
characters:  for  each  character  one  or  rarely  a  few  character-states 

supports  the  central  subcluster  and  invariably  another  character -state 
of  the  same  character  supports  one  of  the  segregate  subclusters.  Al¬ 
though  16  characters  provide  most  of  the  structure  to  the  subclustering 
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MANDIBULOBRUSTIATE  MOUTHPARTS 


FIGURE  63.  Cluster  analysis  dendrogram  of  taxa  comprising  the 

Mandibulobrustiate  Mouthpart  Class.  See  Fig.  28  for  relationship  of 
this  mouthpart  class  to  other  mouthpart  classes. 
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pattern,  several  of  these  are  uniform  throughout  five  of  the  six 
subclusters ,  and  they  only  provide  resolution  for  one  of  the  five 
monotaxic  subclusters  ( vide  infra ) .  The  important  characters  are  genal 
region/malar  space  development,  antennal  type,  ocelli  or  stemmata 
number,  compound  eye  presence,  mouthpart  placement,  mouthpart  symmetry, 
clypeal  shape  and  segmentation,  labral  margin  modification,  epipharynx 
type,  mandible  type,  mandibular  dentition,  maxillary  palpus  segmentation 
and  aspect  ratio,  paraglossal  modifications  and  labial  participation  in 
a  multielement  mouthpart  structure. 

Subcluster  1  consists  of  the  free-living,  predatory  rhyacophilid 
Rhyacophila  dorsalis  (data-set  no.  1030).  Subcluster  2  is  the  taxo- 
nomically  diverse  suite  of  24  taxa  from  all  superfamilies  and  most 
families  of  trichop ter ans ;  this  subcluster  exhibits  three  major  sub- 
groupings.  Members  of  this  subcluster  construct  larval  cases,  occasion¬ 
ally  are  net- spinners  and  are  dominately  herbivorous  or  detritivorous  in 
feeding  habits.  Distantly  associated  subclusters  include  the  unique, 
semiparas itic,  marine  form  Philansus  plebius,  a  chathamiid  (Subcluster 
3,  1053),  the  polycentropid  Plectrocnemia  conspersa  (Subcluster  4, 

1043),  the  atriplectrid  Atriplectides  dubius  (Subcluster  5,  1082)  and 
the  thremmatid  Thremma  anomalum  (Subcluster  6,  1064).  These  monotaxic 
subclusters  are  generally  poorly  known  and  have  been  documented  rela¬ 
tively  recently. 

Geochronologic  History.  The  time  of  origin  of  trichop terans ,  and 
hence  mandibulobrustriates ,  is  difficult  to  assess .  Depending  on  the 
author,  the  earliest  identifiable  trichopteran  fossils  range  from  the 
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FIGURE  64.  Geochronologic  history  of  the  Mandibulobrustiate  Mouthpar 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Ross 
(1967)  ,  Sukacheva  (1982)  and  Botosaneanu  and  Wichard  (1983)  .  The 
taxonomic  level  of  analysis  is  the  family;  without  fossil  represen¬ 
tatives  are  omitted.  The  outgroup  is  Lepidoptera.  These  fossil 
occurrences  are  not  necessarily  a  complete  inventory  of  all  docu¬ 
mented  fossil  members  of  this  mouthpart  class. 
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Lower  Permian  (Sukacheva  1976,  1982)  to  Lower  Cretaceous  (Hennig  1981). 
Several  reasons  exist  for  this  uncertainity ,  foremost  of  which  is  the 
insensible  gradations  of  wing  venation  among  the  following  members  of 
the  panorpoid  complex  (Table  1) :  relatively  derived  Permian  meco- 
pterans,  several  enigmatic  panorpoid  fossils  of  the  Permian  and  Triassic 
(e.g.  BelmontLa,  Eoses) ,  Recent  rhyacophilid  trichopterans  and  Recent 
micropterygid  lepidopterans  (Shields  1988) .  A  second  reason  is  the 
absence  of  trichop terous  larvae  in  Paleozoic  or  Early  Mesozoic  strata, 
this  absence  is  noteworthy  since  all  of  the  "constitutive  characters" 
(Hennig  1981)  occur  on  larvae  rather  than  adults  (Ross  1967,  Hennig 
1981).  For  example,  there  are  considerably  more  differences  between 
trichopteran  and  lepidopteran  larvae  than  between  adults  of  the  same 
groups  (Shields  1976,  Whalley  1978,  Boudreaux  1987).  The  earliest  known 
larval  fossil  is  a  case  from  the  Upper  Jurassic,  although  larval  cases 
do  not  enter  the  fossil  record  with  abundance  until  the  Lower  Cretaeous 
[53,52]  (Sukacheva  1968,  1982;  Jell  and  Duncan  1986). 

During  the  Early  Permian  there  occurred  three  families  of  seem¬ 
ingly  derived  mecopterans  that  have  been  reassigned  to  the  suborder 
Permotrichoptera  of  the  Trichoptera  (Riek  1953,  Sukacheva  1976).  If 
this  assignment  is  valid,  then  the  earliest  documented  trichopterans  are 
Lower  Permian  (Fig.  64)  and  include  Platychorista  venosa  Tillyard  1926 
of  the  Protomeropeidae  (=Platychoristidae)  from  Kansas  [90]  and  Kamo- 
panorpa  pallida  Sukacheva  1976  of  the  Microptysmatidae  from  the  USSR 
[89]  (Sukacheva,  in  Rohdendorf  and  Rasnitsyn  1980).  Whereas  some 
authors  accept  referral  of  at  least  some  of  these  and  other  fossils  to 
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the  Trichoptera  (Riek  1970,  Whalley  1978,  Wootton  1981,  Carpenter  and 
Burnham  1985),  others  are  sceptical,  maintaining  that  they  are  members 
of  the  stem- group  Amphiesmenoptera  (=Trichptera  +  Lepidoptera)  (Hennig 
1981,  Wootton  1988,  Williams  1988). 

Presumed  trichopterous  fossils  from  the  Triassic  are  more  differ¬ 
entiated,  albeit  venational  details  can  be  interpreted  as  indicating 
mecopteran,  trichopteran  or  lepidoptean  affinities.  Examples  include 
Eoses  Criassica  Tindale  1945  and  Eocorona  iani  Tindale  1980  from  the 
Middle  Triassic  of  Queensland,  Australia  [79]  .  These  species  are 
claimed  by  Tindale  (1945,  1980)  as  true  lepidopterans  and  by  Riek 
(1955),  Hennig  (1981),  Skalski  (1984)  and  Shields  (1988)  variously  as 
mecopterans ,  amphiesmenopterans ,  or  as  trichop terans  (see  Razowski 
1974).  In  the  same  deposit  occurs  Prorhyacophila  colliveri  Riek  1970, 
which  according  to  Shields  (1988),  probably  represents  the  earliest 
trichopteran.  This  form  resembles  the  Rhyacophilidae  (Sukacheva  1973) , 
the  most  primitive  extant  trichopteran  group,  and  is  characterized  by  a 
free-living  larva  and  a  venation  similar  to  micropterygid  lepidopterans 
and  Eoses  (Ross  1967,  Whalley  1978,  Common  1975,  Shields  1988).  However 
this  fossil  post  dates  a  fossil  member  of  the  extant  family  Philo- 
potamidae  (Prephilopotamus  asiaticus  Sukacheva  1973)  found  in  the  Upper 
Madygan  Suite  of  Early  Triassic  age  [82]  of  the  USSR  (Sukacheva  1973). 
This  exceptional  find  not  only  places  the  earliest  identifiable  tricho¬ 
pteran  and  mandibulobrustiate  as  Early  Triassic,  but  it  deflects  the 
problems  of  establishing  the  presence  of  Early  Mesozoic  trichopterans 
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based  on  vague  venational  characters  borne  by  members  of  several  orders 
within  the  panorpoid  facies . 

Jurassic  insects  referred  to  the  Trichoptera  are  mostly  members  of 
the  extinct  annulipalpian  family,  Necrotaulidae ,  and  occur  from  the  Late 
Triassic  to  Late  Jurassic  of  Europe  and  South  America  (Tillyard  1933, 
Riek  1970,  Shields  1988).  Ross  (1967)  and  Hennig  (1981)  doubted  whether 
necrotaulids  were  trichopterous ,  preferring  to  assign  the  family  to  the 
Amphiesmenoptera.  With  the  exception  of  the  Early  Triassic  philopotamid 
described  above,  it  is  not  until  the  Early  Cretaceous  that  trichopteran 
fossils  can  be  identified  as  modern  families. 

From  Lower  Cretaceous  strata  from  Transbailkalia  of  the  USSR  [52] 
Sukacheva  (1968,  1982)  has  documented  wings  and  larval  cases  allied  to 
the  Recent  annulipalpan  Polycentropidae  and  Rhyacophilidae  and  the 
Recent  integripalpan  Brachycentridae  and  Lepidosomatidae .  Jell  and 
Duncan  (1986)  have  identified  a  calamoceratid  pupa  and  a  leptocerid 
larval  case  from  the  Lower  Cretaceous  of  southern  Australia  [53], 
Additionally  Lewis  (1971)  has  described  a  probable  limnephilid  larval 
case  from  the  Upper  Cenomanian/Turonian  stage  from  the  Windrow  Formation 
of  Minnesota.  Upper  Cretaceous  trichopteran  fossils  are  found  princi¬ 
pally  in  ambers  of  Cedar  Lake,  Canada  [35]  and  northern  Siberia  [37] . 

Some  described  species  from  these  two  deposits  belong  to  extant  genera 
of  the  Rhyacophilidae,  Polycentropidae,  Hydrobiosidae,  Leptoceridae  and 
Calamoceratidae  or  Odontoceridae  (Botosaneanu  and  Wichard  1983,  1984). 
Ross  (1958)  has  documented  a  Cretaceous  (stage  unspecified)  philopotamid 
from  Tennessee  amber  [25]  that  is  related  to  modern  cool-adapted  forms. 
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The  major  source  of  Cenozoic  trichopterans  is  Baltic  amber  [19],  from 
which  Ulmer  (1912)  has  described  over  56  genera  and  152  species  (Larsson 
1978) . 

Previous  Designations.  I  am  using  the  new  designation,  mandibulo- 
brustiate  to  refer  to  the  pervasive  presence  of  a  brush  (Latin: 
brustium )  on  the  mesial  aspect  of  the  mandibles  and  thus  as  a  name  for 
the  mouthbrush  discussed  herein.  This  feature  that  characterizes 
virtually  all  members  of  the  mouthpart  class .  (A  few  predatory  forms , 
however,  lack  mandibular  brushes.)  Additionally,  rows  of  tufts  of 
setae,  brushes,  or  two  long  setae  may  occur  along  the  curved,  lateral 
margin  of  each  mandible.  These  features  are  the  single  most  diagnostic 
feature  of  the  mandibulobrustiate  mouthpart  class  and  distinguish  it 
from  the  coarsely  setate  mouthpart  vestiture  found  in  the  pectinate  and 
mouthbrush  mouthpart  classes  (Sections  8.3.11  and  8.3.12).  Although  the 
term  "mandibulobrustiate"  has  no  prior  history  of  usage,  Metcalf  et  al. 
(1962:  141)  defined  one  mandibulate  mouthpart  group  as  the  "chewing 
type:  brushing,  spatulate  or  scraping  subtype"  which  may  have  included 
members  of  this  mouthpart  class  (Table  6) . 

Review  of  Literature.  General  summaries  of  head  and  mouthpart 

# 

structure  of  members  belonging  to  the  mandibulobrustiate  class  include, 
for  North  America,  Lloyd  and  Lloyd  (1921),  Krafka  (1923),  Wiggins  (1977, 
1984),  and  Morse  and  Holzenthal  (1984).  Hickin  (1967)  has  provided  a 
summary  of  British  caddisfly  larvae. 

Monographic  accounts  of  the  head  and  mouthpart  morphology  of  par¬ 
ticular  species  are  provided  for  most  major  groups  and  are  generally 
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copious  for  limnephilids .  Documentation  for  most  or  all  features  of  the 
head  and  mouthparts  include  Sattler  (1959)  for  the  hydropsychid  Hydro¬ 
psyche  sp.,  Botosaneanu  (1956)  for  several  species,  namely  the  rhyaco- 
philid  Phyacophila  laevis  Pictet,  the  limnephilid  Drusus  romanicus 
Murgoci,  the  goerid  Silo  varipilosa  Botosaneanu  and  the  philopotamid 
Woxrmaldia  occipitalis  Pictet,  Fotius-Jaboulet  (1961)  for  the  limnephilid 
D.  trifidus  MacLachlan,  Winkler  (1959)  for  the  limnephilid  Limnephilus 
sp.,  Wiggins  (1959)  for  the  phryganopsychid  Phryganopsyche  latipeimis 
(Banks) ,  Frochot  (1962)  for  the  limnephilid  Stenophylax  permistus  Mac¬ 
Lachlan  and  Satija  and  Satija  (1959)  for  the  philopotamid  Wormaldia 
occipitalis  Pictet.  Relatively  recent  contributions  include  Wiggins 
(1977,  1984)  for  the  glossosomatid  Glossosoma,  Wiggins  (1977)  and  Morse 
and  Holzenthal  (1984)  for  the  hydroptilid  Hydroptila  sp.,  Hickin  (1968) 
and  Cowley  (1978)  for  the  polycentropid  Plectrocnemia  sp.  and  Cowley 
(1978)  for  the  coeoesucid  Pycnocentria  sylvestris  McFarlane  and  the 
helicophid  Zelolessica  cheira  McFarlane.  The  unique  marine  chathamiid, 
Philanisus  plebius  (Walker) ,  has  been  briefly  described  by  Leader  (1976) 
and  Lawson-Kerr  (1977)  and  Cowley  (1978).  More  specialized  accounts 
have  been  provided  by  Slack  (1936)  for  mandibles,  Wiggins  (1960)  for 
pupal  mandibles  and  Badcock  (1961)  for  the  labiomaxillary  apparatus  of 
hydropsychids . 

8.3.14.  Sericterate  Class 
(Class  13) 

Description.  Head  spheroidal,  less  commonly  marginally  project¬ 
ing;  nonproboscate ;  generally  protractile.  Genae  expanded 
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dorsoventrally,  comprising  most  of  the  cranium;  gula  prominent  to 
minimally  developed.  Frontal  and  vertical  region  wide  and  triangular, 
with  an  inverted  Y-shaped  epistomal  suture,  less  commonly  unexpanded. 
Antennae  papillate,  setigerous  or  stylate;  ocelli  2,  and  many  lateral 
stemmata  often  present;  compound  eyes  absent.  Mouthparts  mandibulate, 
prognathous  or  hypognathous ,  symmetrical,  nonretractile .  Food  pump 
generally  clypeal  and  pharyngeal. 

Clypeus  quadrate  to  transversely  elongate;  undivided  or  fused  to 
frons;  rarely  absent.  Lab rum  vertically  elongate,  less  commonly 
quadrate;  undivided;  margin  pectinate,  notched  or  straight  to  shallowly 
curvilinear.  Pharyngeal  cavity  large;  hypopharynx  bilobed,  associated 
with  a  labial  spinneret;  epipharynx  membranous  or  lingulate,  rarely 
denticulate  or  spinose.  Mandibles  dicondylic;  palmate  to  rarely  falcate 
or  triangular;  incisiform,  uncommonly  edentate  or  with  a  prominent 
mesial  brush;  musculation  of  adduction/abduction  mode.  Maxillary  main- 
body  of  1  to  3  sclerites;  stipes  equant,  less  commonly  elongated; 
bearing  a  galea  and  palpus  only,  or  less  commonly  a  galea,  lacinia  and 
palpus,  or  rarely  a  palpus  only.  Maxillary  palps  stubby  or  papillate, 
uncommonly  linear- tapering;  2-  or  3 -segmented,  rarely  4- segmented  or 
unsegmented;  length  short  to  commonly  intermediate.  Galea  lobate, 
sensillate  and  setate,  less  commonly  generalized  or  palpiform;  lacinia 
mostly  absent,  rarely  generalized  or  pectinate.  Labium  main-body  equant 
or  considerably  elongated,  of  2  or  3  sclerites;  bearing  a  spinneret 
associated  glossa  and  labial  palps.  Labial  palps  papillate- stubby  or 
aciculate  to  setate,  rarely  mucronate;  generally  unsegmented  or 
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2-segmented,  rarely  3-segmented;  generally  short.  Glossae  or  ligulate 
projection  bearing  a  terminal  spinneret  (silk  press);  paraglossae  absent 
or  indistinguishably  fused  to  glossae.  Interregional  co-optation  of 
mouthpart  elements  present. 

Key  Phenocharacters .  A  diagnostic  feature  of  sericterates  is  a 
moderately-sized  to  large  head  with  pronounced  genae  forming  most  of  the 
head  capsule.  The  head  capsule  is  also  characterized  by  a  prominent,  Y- 
shaped  epistomal  suture.  Additionally,  a  characteristic  labiohypo- 
pharyngeal  complex  bears  a  stubby  ligula  containing  the  spinneret  and 
two  papillate  or  aciculate  labial  palpi.  In  the  majority  of  members 
which  are  herbivorous,  the  mandibles  are  palmate,  with  several  incisors 
and  a  poorly- developed  or  absent  molar  region;  mandibles  of  nonherbi- 
vorous  species  are  falcate  or  more  typically  tetrahedral  in  shape. 

This  suite  of  characters  uniquely  define  the  sericterate 
mouthpart  class  and  could  only  be  confused  with  larval  ectognathates 
(Section  8.3.5)  and  mandibulobrustiates  (Section  8.3.13).  Larval - 
ectognathates  lack  the  labiohypopharyngeal  apparatus  of  the  spinneret. 
Mandibulobrustiates  differ  from  sericterates  by  the  presence  of  conspic¬ 
uous  brustia  and  setae  on  the  mouthparts  and  the  absence  of  stereotyped 
palmate  or  falcate  mandibles . 

Diversity  and  Natural  History.  Sericterates  consist  of  the  eruci- 
form  larvae  of  lepidopterans  and  symphytan  hymenopterans  (commonly  known 
as  caterpillars) ,  as  well  as  the  apodous  larvae  of  apocritan  hymeno¬ 
pterans  (often  referred  to  as  grubs) .  Sericterates  are  chiefly  herbi¬ 
vores,  consuming  every  major  type  of  plant  tissue,  including  roots, 
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stems,  leaves,  flowers,  seeds  and  fruits  (Fig.  65).  A  few,  less  diverse 
sericterate  groups  are  endoparasitic ,  mostly  on  other  insects  (Malyshev 
1968,  Telenga  1969)  or  are  provisioned  and  cared  for  by  conspecific 
adults  in  social  and  subsocial  groups  (Wilson  1975) .  Nevertheless  about 
70%  of  this  mouthpart  class  comprises  the  dominant  assemblage  of 
herbivores  on  virtually  all  land  plants ,  particularly  angiosperms . 
Sericterates  comprise  the  following  functional  feeding  groups:  external 
foliage  chewers  (including  leaf  skeletonizers) ,  leaf-miners  (but  also 
see  Section  8.3.12),  leaf-gallers ,  stem-  and  root-borers,  ectoparasi- 
toids,  endoparasitoids  and  free-feeding  necrovores  with  food  provisioned 
by  conspecific  adults.  Many  sericterates  are  agricultural  and  stored- 
product  pests . 

Of  the  major  taxonomic  orders  of  insects  that  consume  plants, 
three  are  noteworthy  in  abundance  and  diversity.  These  are  lepido- 
pterans  (99%  herbivorous,  about  136,000  species),  coleopterans  (34.5% 
herbivorous,  about  118,000  species)  and  orthopterans  (99%  herbivorous, 
about  18,000  species)  (Brues  1920,  Strong  et  al.  1984;  Appendix  D) .  Of 
these  three  groups ,  larval  lepidopterans  and  the  morphologically  similar 
larval  symphytan  hymenopterans ,  are  probably  the  most  important  single, 
identifiable  insect  group  consuming  angiosperms  (Edwards  and  Wratten 
1980,  Strong  et  al.  1984,  Tabashnik  and  Slansky  1987).  The  sericterate 
mouthpart  class  is  very  diverse,  corresponding  to  approximately  170 
families,  20,000  genera  and  259,300  species  (Appendix  D) ,  which  trans¬ 
lates  to  a  rank-order  of  3  out  of  34  mouthpart  classes  (Table  5,  Fig. 
131).  Thus,  sericterates  rival  but  are  subdominant  to  adult- 
ectognathates  (Section  8.3.4)  and  larval -ectognathaes  (Section  8.3.5)  in 
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terms  of  total  diversity  and  is  probably  the  second  most  important  class 
overall  on  terrestrial  vegetation. 

I 

Significantly,  many  studies  indicate  that  sericterates  are  the 
dominant  of  subdominant  group  consuming  herbaceous ,  shrubby  or  arboreal 
vegetation.  On  Baccharis  (Asteraceae) ,  Palmer  (1987)  documented  stem- 
borers,  root-feeders,  stem-gallers ,  leaf -mines,  foliage-feeders  and 
flower- feeders  as  part  of  the  lepidopteran  fauna.  Ashbourne  and  Putnam 
(1987)  have  categorized  sericterate- dominated  herbivory,  distinguishing 
discrete  subcategories  of  leaf -mining,  leaf- galling  and  vein- chewing  as 
feeding  strategies  of  the  sericterate  dominated  fauna.  Goeden  and 
Ricker  (1987a, b)  established  that  lepidopterans  are  the  second  most 
abundant  consumer  of  American  Cirsium  thistles  (Asteraceae) .  Hij ii 
(1983,  1984,  1986)  measured  lepidopteran  biomass  in  arboreal  arthropod 
communities  in  Cdhamaecyparis  (Cupressaceae)  plantations  in  Japan  and 
found  that  lepidopteran  larval  biomass  ranged  from  20  to  63%  of  total 
arthropod  biomass.  He  also  found  that  in  Cryptomeria  (Taxodiaceae) 
plantations  the  numerical  abundance  and  biomass  of  lepidopteran  and 
hymenopteran  caterpillars  were  approximately  proportional  to  tree  size. 

Much  of  this  dominance  involves  the  sequestering  of  host  plants  in 
a  highly  coevolved  relationship  between  a  larval  consumer  and  its  host 
(Southwood  1973,  1978;  Jolivet  1986).  Most  sericterates  have  narrow 
host  plant  specificities ,  with  particular  species  feeding  on  a  single 
species,  genus,  or  group  of  confamilial  genera  (Futuyma  and  Gould  1979). 
Of  all  phytophagous  insects ,  fewer  than  10%  are  generalists  that  consume 
plant  genera  from  more  than  three  families  (Bernays  and  Graham  1988) . 
However,  this  genralization  often  proves  to  be  more  complex  upon  closer 
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examination:  although  many  folivores  are  locally  monophagous,  they  are 

frequently  regionally  polyphagous  (Strong  et  al.  1984),  and  chemically 
well-defended  plants,  particularly  herbs,  bear  more  monophagous  species 
than  chemically  less -protected  plants,  mainly  shrubs  and  trees  (Tahva- 
nainen  and  Niemeia  1987,  cf.  Boomsma  1984).  These  relationships  are 
probably  related  to  the  low  nutritive  quality  and  unpredictability  of 
leaves  in  time  and  space ,  resulting  in  high  feeding  rates ,  the  tracking 
of  host  plants,  and  facultative  rather  than  obligate  monophagy.  Also 
contributing  to  this  relationship  is  the  diverse  arsenal  of  insect 
deterrence  that  plants  possess,  namely  generaly  physical  defenses  such 
as  small  cuticular  spines,  adhesive  trichomes  and  hooked  barbs  on  leaf 
surfaces  (Levin  1973,  Edwards  and  Wratten  1980)  and  the  presence  of 
numerous  secondary  compounds,  principally  alkaloids,  terpenoids, 
phenolics  and  tannins  (Gilbert  1971,  van  Embden  1973,  Swain  1976, 

Mattson  and  Scriber  1987).  These  compounds  accumulate  in  plant  organs, 
especially  leaves ,  and  are  often  toxic  to  insects  at  higher  concentra¬ 
tions.  However,  among  many  angiosperms,  this  defensive  response  has 
been  co-opted  by  some  insect  groups  that  exhibit  obligate  monophagy  on 
those  plant  species  or  they  demonstrate  feeding  prefences  possessing 
specific  secondary  compounds  that  are  deterrents  to  most  potentially 
predating  insects  (Ehrlich  and  Raven  1964,  Harborne  1977). 

This  example  of  an  "arms  escalation"  (cf.  Vermeij  1987)  has 
actually  benefitted  many  sericterates  that  have  evolved  secondary 
compound  detoxification  mechanisms  (Frankel  1959,  Ehrlich  and  Raven 
1964,  Strong  et  al.  1984),  behavioral  adaptations  for  avoiding  secondary 
compounds  (Needham,  Tothill  and  Frost  1935;  Jolivet  1986;  Doussard  and 
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Eisner  1987;  Hulley  1988),  physiological  and  structural  mechanisms  for 
avoiding  physical  entrapment  or  spine  impalement  (Gilbert  1971,  Rathcke 
and  Poole  1974)  and  actual  metabolic  incorporation  of  toxic  compounds 
for  use  as  a  defense  (Brower  1969,  Edwards  and  Wratten  1980).  Bernays 
(1981)  has  described  the  attraction  to  high  tannin  levels  of  certain 
sericterate  larvae,  which  are  induced  to  feed  in  its  presence.  In  lieu 
of  these  plant  defensive  mechanisms,  an  alternative  strategy  available 
to  some  plants  is  simply  a  high  regrowth  capacity  (see  Van  der  Meijden 
et  al.  1988). 

The  diversity  of  functional- feeding- groups  and  feeding  strategies 
of  sericterates  on  terrestrial  vascular  plants  is  immense  (Frost  1959, 
Jolivet  1986).  Of  these,  two  are  dominant  within  the  mouthpart  class: 
leaf-chewing  and  leaf-mining  (see  also  Section  8.3.12  for  additional 
leaf -miners) .  Within  each  of  these  modes  there  is  considerable  dietary 
specialization  based  on  tissue  type  and  on  architecturally  related 
microstructure  of  the  leaf  (Needham,  Tothill  and  Frost  1935,  Hering 
1951,  Lawton  1982).  For  external  leaf-chewers ,  some  caterpillars  pefer 
leaf-edges,  others  skeletonize  entire  leaves  and  avoid  vascular  tissue, 
while  others  specialize  on  vascular  tissue,  consuming  sap  by  chewing  on 
phloem  or  xylem  strands  (Hering  1951,  Edwards  and  Wratten  1980,  Ash¬ 
bourne  and  Putman  1984) .  Leaf-miners  similarly  partition  the  internal 
leaf  habitat  by  tissue  type,  and  include  mesophyll  feeders,  palisade 
cell  feeders ,  cuticle  feeders  and  vascular  strand  consumers  (Hering 
1951,  Bennet  1954,  Hagen  and  Chabot  1986,  Ashbourne  and  Putman  1987). 

Although  there  is  considerable  partitioning  of  the  leaf  externally 
and  internally  and  a  multitude  of  plant  tissue  and  organ  types,  several 
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studies  indicate  that  interspecific  competition  within  tissue -specific 
herbivores  is  minimal  (Rathcke  1976,  Strong  et  al.  1984,  Jermy  1985). 

On  rare  occasions,  during  an  outbreak  of  a  (usually  pestiferous) 
monophagous  species,  intraspecific  competition  may  become  intense  (Jermy 
1985) .  These  patterns  may  indicate  that  extant  angiosperm  niches  may  be 
undersaturated  with  respect  to  their  occupation  by  potential  consumers. 
This  is  attributable  either  to  historical  factors  or  to  the  unpredict¬ 
able  distribution  of  food  resources  and  food  quality  in  time  and  space, 
such  that  host- tracking  is  sufficiently  a  gambit  that  saturated  diversi¬ 
ties  are  never  achieved. 

Structural  Themes.  Sericterate  mouthpart  structure  is  character¬ 
ized  by  six  major  subclusters  (Fig.  66).  These  subclusters,  or  themes, 
each  comprise  from  two  to  39  constituent  members  and  three  of  these 
themes  are  sufficiently  diverse  taxonomically  that  they  exhibit  a  second 
level  of  subclustering.  Although  these  secondary  subclustering  patterns 
are  probably  significant  in  terms  of  mouthpart  structure  within  each 
theme,  they  will  not  be  considered  at  the  level  of  analysis  of  this 
discussion.  The  six  major  subclusters  are  differentiated  by  approxi¬ 
mately  ten  major  characters,  although  the  patterns  of  character  state 
co-occurrence  among  these  subclusters  is  more  complex  than  that  of  other 
mouthpart  classes.  These  variables  are  head  shape;  antennal  type, 
stemmatal  number;  clypeal  shape;  mandibular  type ;  galeal,  lacinial  and 
glossal  variations;  and  the  type,  segmentation  and  aspect  ratio  of  the 
labial  palp  (see  Section  5.3  and  Appendix  A). 
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SERICTERATE  MOUTHPARTS 


FIGURE  66.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Seric- 
terate-  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouth 
part  class  to  other  mouthpart  classes. 
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Subcluster  1  consists  of  a  diverse  assemblage  of  30  taxa  of 
ditrysan  lepidopterans  (bracketed  by  data-set  nos.  1089  to  1154  of  Fig. 
66)  that  are  dominately  large,  external  foliage  feeders  with  prominent 
heads  and  hypognathous  mouthparts .  An  exception  to  this  theme  is  the 
distantly  associated  Heterobathmia  pseuderiacrania  which  is  a  leaf-miner 
on  the  southern  beech  Nothofagus .  The  members  of  this  theme  are 
ectophagous  feeders  principally  on  leaves ,  stems  and  reproductive 
structures.  Subcluster  2  (taxa  1108  to  1116)  comprises  five  small  forms 
that  mine  leaves  and  bore  roots  from  the  families  Hepialidae,  Incur - 
variidae,  Opostegidae  and  Lyonettidae.  These  taxa  are  small,  endo- 
phagous  feeders  with  wedge-shaped  heads  and  prognathous  mouthparts. 
Subcluster  3  consists  of  two,  small,  leaf-mining  genera  from  the  Tische- 
riidae  (1113)  and  Momphidae  (1135)  that  have  some  unique  mouthpart 
specializations.  Subcluster  4  is  a  diverse  suite  of  symphytan  hymeno- 
pterans  that  are  nestled  between  the  leaf -mining  subclusters  3  and  5. 
Members  of  this  group  are  dominately  external  foliage- feeding  forms  and 
externally  resemble  the  lepidopterous  caterpillars  of  Subcluster  1.  A 
few  stem-miners  also  occur  in  this  subcluster.  Finally,  Subcluster  6 
consists  of  39,  apodous,  maggot-like  larvae  (taxa  1097  to  1298).  These 
taxa  are  either  (i)  endoparasitic  or  ectoparasitic  on  land  arthropods, 
or  (ii)  are  altricial  larvae  of  solitary,  subsocial  or  social  wasps  or 
bees  that  are  fed  by  adults  from  the  regurgitation  of  pollen,  nectar  or 
honey  or  by  nest  provisioning  of  dead  or  paralyzed  arthropod  prey.  This 
cluster  is  frequently  characterized  by  some  head  and  mouthpart  reduc¬ 
tion,  but  not  to  the  degree  that  typifies  the  parasitican  hymenopteran 
larvae  of  the  reduced- trophic  mouthpart  class  (Section  8.10.2). 
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Geochronologic  History.  Two  basic  approaches  are  available  for 
assessing  the  fossil  history  of  sericterates .  The  first  approach  uses 
the  body- fossil  record  (Fig.  67)  and  the  second  takes  advantage  of  the 
unique  trace -fossil  record  of  external  foliage  feeding,  leaf -mining  and 
plant  galls.  Although  both  approaches  present  disadvantages,  they 
nevertheless  complement  each  other  since  they  independently  reflect  the 
presence  of  imagines  and  larvae  for  the  same  mouthpart  class  in  the 
fossil  record. 

The  early  history  of  sericterates  probably  evolved  in  parallel  to 
that  of  mandibulobrustiates  since  trichopterans  and  lepidopterans  are 
sister-groups  (Kristensen  1975,  1981,  1984a;  Hennig  1981)  and  it  is  not 
known  when  the  stem- group  to  both  taxa  differentiated  into  one  group 
with  aquatic  larvae  (Trichoptera,  mandibulobrustiates)  and  another  group 
with  terrestrial  larvae  (Lepidoptera,  sericterates)  (Whalley  1978) . 
Direct  evidence  does  not  help  since  the  earliest  larval  trichopterans 
are  caddis  cases  of  the  Lower  Cretaceous  [53,52]  (Sukacheva  1982,  Jell 
and  Duncan  1986)  and  the  earliest  caterpillars  are  Upper  Cretaceous  [35] 
(Mackay  1970,  Skalski  1979,  Whalley  1986).  The  indirect  evidence  of 
adult  fossils,  mostly  wings,  is  more  plentiful  in  lower  Mesozoic 
deposits,  although  their  ordinal  assignment  is  fraught  with  difficulties 
since  demonstrable  constitutive  apomorphies  are  absent  (Hennig  1981) . 

For  this  reason  the  twofold  approach  of  determining  the  fossil  record  of 
sericterates  from  both  body  fossils  and  trace  fossils  is  used.  I  will 
consider  first  the  body  fossil  evidence. 
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FIGURE  67.  Geochronologic  history  of  the  Sericterate  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Schlee  (1970), 
Kdnigsmann  (1977,  1978a,  1978b),  Rasnitsyn  (1969,  1975),  Kristensen 
(1981,  1984a)  and  Jamieson  (1987).  The  taxonomic  level  of  analysis 
is  the  superfamily  for  Hymenoptera  and  the  suborder  for  Lepidoptera. 
The  outgroups  are  Coleopteroidea  and  Trichoptera.  These  fossil 
occurrences  are  not  a  complete  inventory  of  all  documented  fossil 
members  of  this  mouthpart  class. 
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Two  body  fossils  from  the  Late  Triassic  of  Queensland  [79] ,  Eoses 
Eoses  triassica  Tindale  1945  and  Eocorona  iani  Tindale  1980  presumably 
represent  the  earliest  known  lepidopterans  (Tindale  1945,  1980). 

However  all  subsequent  examinations  of  these  fossils  discount  lepido- 
pterous  affinities  (Skalski  1979,  Whalley  1986,  Shields  1988),  although 
some  authors  provisionally  assign  them  to  the  stem-group  of  the  Tricho- 
ptera  +  Lepidoptera,  the  Amphiesmenoptera  (e.g.  Whalley  [1986]  for  E. 
iani ) .  Although  the  enigmatic  Paratrichoptera  also  have  been  considered 
a  subordinate  taxon  of  the  Lepidoptera  (Riek  1976),  the  lack  of  consti¬ 
tutive  characters  disallows  placement  in  the  Lepidoptera  (Hennig  1981, 
Whalley  1986).  Also,  nothing  is  known  of  larval  paratrichopterans . 

The  earliest  assured  lepidopteran  and  thus  body  fossil  evidence 
for  the  presence  of  the  sericterate  mouthpart  class  is  Archaeolepis 
Whalley  1985  from  the  Lower  Jurassic  of  England  [69]  and  Eolepidopterix 
jurassica  Rasnitsyn  1983  from  the  Upper  Jurassic  (stage  unspecified)  of 
the  USSR  (Whalley  1986).  These  forms  precede  the  appearance  of  angio- 
sperm  plants  during  the  Lower  Cretaceous  (Whalley  1985) ,  implying  that 
the  highly  coevolved  relationship  between  modern  sericterates  and 
flowering  plants  was  not  an  essential  prerequisite  for  coevolution. 
Notably  these  Jurassic  and  many  Cretaceous  lepidopterans  are  zeuglo- 
pteran  or  zeuglopteran-like  in  affinities,  and  Recent  larval  zeuglo- 
pterans  are  known  to  feed  on  several  nonangiospermous  hosts  (Tillyard 
1922,  Powell  1980,  Kristensen  1984a). 

In  Lower  Cretaceous  amber  from  Lebanon  [55]  Whalley  (1977,  1978) 
described  incurvariid  scales ,  the  earliest  occurrence  of  a  proboscate 
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lepidopteran,  as  well  as  a  well-preserved  micropterygid  moth,  Para- 
sabatinca  aftimacrai  Whalley  1978.  From  Upper  Cretaceous  amber  of 
northwest  France  [45] ,  isolated  micropterygid- like  scales  have  been 
described  (Kdne  et  al.  1973,  Schlttter  1974).  Younger  Cretaceous  amber 
from  Siberia  [37]  includes  five  lepidopterous  specimens,  including  three 
homoneurous  moths,  one  which  is  near  the  extant  Lophocoronidae ,  an 
incurvariid  moth  and  the  earliest  known  caterpillar  and  hence  sericte- 
rate  (Zherikin  and  Sukacheva  1973,  Skalski  1979,  Whalley  1986).  A 
better-preserved  caterpillar,  probably  a  tineoid,  has  been  documented  by 
Mackay  (1970)  from  somewhat  younger  Canadian  amber  [35]  (Whalley  1977, 
1986)  .  The  controversial  Undopteryx  sukatscheviae  Skalski  1979  from  the 
Lower  Cretacous  of  the  USSR  [31]  may  be  a  zeuglopterous  lepidopteran, 
although  Kristensen  (1984a)  considered  it  incertae  sedis . 

Numerous  families  of  advanced  ditrisan  moths  occur  in  Late  Eocene/ 
Early  Oligocene  Baltic  amber  [19]  (Rebel  1934,  Skalski  1976,  Kozlov 
1988).  The  earliest  advanced  ditrysan  groups,  notably  butterflies,  are 
of  a  similar  age  (Durden  and  Ross  1978)  and  are  found  principally  in  the 
Early  Oligocene  of  Colorado  [15]  (Scudder  1889,  Cockerell  1913,  Brain 
1976)  .  Direct  evidence  of  the  sericterate  class  during  the  middle 
Tertiary  are  caterpillars  from  the  Eocene  of  England  [26]  (Rundle  and 
Cooper  1971),  the  Upper  Eocene/Lower  Oligocene  of  England  [18]  (Jarzem- 
bowski  1980)  and  from  the  Upper  Miocene  of  Germany  [7]  (Zeuner  1927, 
1929)  . 

The  body  fossil  evidence  suggests  that  the  first  indirectly  docu¬ 
mented  appearance  of  the  sericterate  mouthpart  class  is  Early  Jurassic, 
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although  a  substantial  earlier  history  is  implicated.  Direct  evidence 
demonstrates  the  presence  of  caterpillars  during  the  Late  Cretaceous. 

By  Cretaceous  time  many  monotrysan  and  ditrysan  moths  were  present,  but 
evidence  for  butterflies  does  not  antedate  the  Eocene/Oligocene  bound¬ 
ary. 

A  more  direct  and  probably  reliable  expression  of  sericterate 
presence  in  the  fossil  record  comes  from  observations  of  characteristic 
insect  damage  to  plant  organs,  especially  leaves  and  stems.  Although 
the  association  of  adults  with  presumed  larval  stages  involves  an 
assumption  regarding  the  parallel  evolution  of  adult  and  larva  through 
time  and  the  application  of  an  actualistic  approach,  documentation  of 
the  direct  damage  of  a  plant  by  its  insect  herbivore  can  be  a  separate, 
independent  method  of  establishing  presence  of  the  sericterate  class . 
However,  this  approach  must  be  tempered  by  recognition  that  specific 
patterns  of  sericterate  leaf  chewing,  leaf -mining  and  galling  can  be 
recognized  in  the  fossil  record  and  be  assignable  to  a  characterizable 
extant  sericterate  taxon  (after  Crane  and  Jarzembowski  1980) .  There  are 
three  types  of  insect/plant  damage  that  are  relevant  in  documenting 
sericterates  in  the  fossil  record:  external  feeding  traces,  leaf-mining 
and  galls. 

The  earliest  presumptive  evidence  for  externally- chewed  leaves 
comes  from  Pennsylvanian- age  coal  floras.  In  the  Mazon  Creek  flora  of 
Illinois  various  chewing  damage  by  herbivores  that  are  assignable  to 
probable  orthopteroid  or  holometabolous  insects  have  been  described 
(Labandeira  and  Beall  1990,  Beall  and  Labandeira,  in  prep.).  In  other 
Carboniferous  floras  several  genera  of  pteridosperm  fronds  exhibit 
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scalloped  margins  with  thickened  ridges  bordering  the  bite  mark  (Van 
Amerom  1966,  Van  Amerom  and  Boersma  1971,  Mtiller  1982,  Scott  and  Taylor 
1983,  Labandeira  and  Beall  1990).  Plumstead  (1963)  and  Mttller  (1982) 
and  Srivastava  (1987)  have  described  similar  leaf  damage  of  a  Permian 
Glossopteris  flora  from  South  Africa,  Germany  and  India,  respectively. 
From  the  Middle  Jurassic  Yorkshire  flora  of  England  [63]  Scott  and 
Patterson  (1984)  have  illustrated  nibbled  cycad  leaves.  Notably,  in 
these  Upper  Paleozoic  and  Middle  Mesozoic  examples  of  external  foliage 
feeding,  there  is  no  direct  evidence  indication  predation  by  members  of 
the  sericterate  class.  A  more  parsimonious  interpretation  is  that  this 
foliage  was  chewed  by  adult-ectognathates ,  particularly  orthopteroids 
and  possibly  coleopterans ,  whose  presence  is  supported  by  body  fossils 
of  the  same  interval  (Section  8.3.4).  Occurrences  of  external  sericte¬ 
rate  damage  in  Cretaceous  and  younger  floras  (Brooks  1955,  Scott  and 
Patterson  1984)  may  be  of  sericterate  origin. 

The  leaf-mining  fossil  record  is  better  documented  and  post- 
Jurassic  examples  possess  features  that  are  diagnostic  of  modern  leaf¬ 
mining  sericterate  families  (Opler  1973,  Crane  and  Jarzembowski  1980, 
Strong  et  al.  1984).  Evidence  exists  for  both  blotch  and  meandering 
types  of  pteridosperm  leaf-mining  during  the  Pennsylvanian  and  Permian, 
particularly  for  European  Neuropteris ,  Callipteris  and  Odontopteris 
(PotoniA  1921,  Mtiller  1982;  but  see  Hering  [1951]  for  a  cynical  view). 
This  indicates  the  probable  presence  of  holometabolous  larval  mining  as 
early  as  the  Pennsylvanian  (Labandeira  and  Beall  1990,  Beall  and 
Labandeira,  in  prep.).  Camian-age  Triassic  leaf  mines  in  ginkoacean 
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and  voltiacean  conifers  from  Queensland,  Australia  have  been  described 
by  Tillyard  (1922) ,  Rozefelds  (1985)  and  Rozefelds  and  Sobbe  (1987)  , 
although  none  of  the  evidence  used  to  distinguish  the  ordinal  affilia¬ 
tion  of  the  leaf -miner  (Strong  et  al.  1984)  are  present.  Various 
nepticulid  leaf -mines  have  been  reported  from  Turonian-age  Lower 
Cretaceous  strata  of  the  USSR  [39]  (Skalski  1979,  Shields  1988,  Kozlov 
1988) .  More  geologically  recent  leaf-mines  include  probable  tineid 
mines  on  "Aralia"  from  the  Cretaceous  (stage  unspecified)  of  Czechoslo¬ 
vakia  (Fritsch  1882,  Fric  1901)  and  unfigured  and  unnamed  presumptive 
tineid  and  tortricid  leaf-mines  on  Upper  Cretaceous  leaves  of  the  Dakota 
Formation  of  Kansas  and  Nebraska  (Hagen  1882) . 

Examples  of  Cenozoic  leaf -mining  are  more  plentiful,  the  oldest 
are  three  types  of  leaf-mines,  two  of  which  are  assignable  to  the 
Nepticulidae ,  from  the  Upper  Paleocene  of  southern  England  [29]  (Crane 
and  Jarzembowski  1980) .  Eocene  deposits  include  nepticulid  mines  from 
Tennessee  [25]  (Brooks  1955,  Opler  1973),  a  nepticulid  gangmine  resem¬ 
bling  Stigmella  from  central  Germany  [24]  (Straus  1976),  and  "probable 
lepidopteran"  leaf-mines  on  dicotyledenous  leaves  in  Eocene  coals  from 
Victoria,  Australia  (Rozefelds  1985) .  From  Oligocene  strata  a  possible 
nepticulid  leaf-mine  has  been  described  from  Germany  by  Heyden  (1862) , 
although  it  is  considered  dipteran  by  Opler  (1973) .  From  Miocene 
deposits  Kvacek  and  Walther  (1974)  have  figured  a  serpentine  leaf -mine 
on  Daphnogene  (Lauraceae)  from  Germany  and  Opler  (1973)  has  documented 
several  occurrences  of  western  North  American,  late  Tertiary  leaf  mines 
of  eriocraniids ,  nepticulids  and  lyonettids  (see  also  Lewis  1969)  and 
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possibly  gelechids,  virtually  all  of  which  are  associated  with  the 
Fagaceae,  especially  Quercus  (oak).  In  that  study  Opler  reviews 
previous  accounts  of  Tertiary  leaf-mines  and  suggests  that  because  these 
leaf-mines  are  structurally  indistinguishable  from  Recent  conspecific 
leaf -mines,  these  specific  insect-host  relationships  extend  at  least  to 
the  Miocene. 

The  plant  gall  record  is  less  abundant  than  the  leaf-mining 
record.  Two  dubious  occurrences  have  been  described  in  strata  predating 
the  first  appearance  of  angiosperms- -namely  a  gall-like  structure  in  a 
stigmarian  rootlet  (Weiss  1904)  and  pustulose  structures  on  a  pinnule 
from  a  Carnian-age  Triassic  dipteridacean  fern  from  southeastern 
Queensland  [74]  (Webb  1982) .  These  structures  are  more  properly 
assigned  to  a  fungal  gall  and  to  insect  eggs,  respectively.  The 
earliest  assured  galls  are  49  cynipid-like  structures  on  Early  Creta¬ 
ceous  platanalean  leaves  of  " Sassafras "  (Larew  1986) ,  described  by  Doyle 
and  Hickey  (1977).  This  occurrence  [49]  is  important  since  most  extant 
sericterate  galls  are  caused  by  cynipid  wasps,  which  exclusively  gall 
the  Fagaceae,  especially  Quercus  (Frost  1959).  Brooks  (1955)  has 
figured  and  discussed  mamilliform  galls  on  Nectandra  (Lauraceae)  from 
the  Eocene  of  Tennessee  [25] ,  possibly  of  cynipid  origin.  Hoffman 
(1932)  discussed  cynipid  galls  on  an  Upper  Miocene  Quercus  leaf  from 
Douglas  Canyon,  Washington.  These  occurrences,  together  with  Straus' 
(1977)  documentation  of  three  cynipid  galls  in  Pliocene  deposits  of 
Germany  and  the  presence  of  modem-aspect  cynipid  adults  during  the 
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Eocene  (Kinsey  1919,  Keilbach  1982),  indicate  that  the  cynipid/oak  gall 
relationship  also  extends  at  least  to  the  Miocene. 

These  and  other  data  indicate  that  by  Late  Paleozoic  time  and 
certainly  by  the  end  of  the  Permian,  insect  feeding  directly  on  plants 
was  present- -a  conclusion  also  supported  by  Rohdendorf  and  Rasnitsyn 
(1980),  Southwood  (1984)  and  Owen  and  Wiegert  (1987).  Nevertheless, 
whereas  external  folivory  by  chewing  extends  to  the  Late  Paleozoic, 
probably  to  the  Pennsylvanian,  the  identity  of  the  culprit  is  not 
certain  and  is  more  plausibly  an  orthopteroid  rather  than  holometabolous 
larvae.  The  occurrence  of  sericterate  style  external  foliage -feeding  is 
not  abundant  until  the  Jurassic.  Also,  leaf -mining  apparently  appeared 
early  (Milller  1982,  Labandeira  and  Beall  1990),  during  the  Pennsylvani¬ 
an,  although  it  is  not  certain  whether  any  taxon  in  the  sericterate 
mouthpart  class  was  the  responsible  agent.  I  am  considering  the 
culprits  of  these  Paleozoic  occurrences  as  a  holometabolous  group  other 
than  sericterates  and  undoubtedly  extinct.  Good  evidence  for  the  leaf- 
mining  feeding  habit  of  modern  aspect  is  present  during  the  Triassic  and 
unequivocal  evidence  commences  during  the  Late  Cretaceous  to  the  Recent. 
Although  plant  galls  lack  a  significant  pre- Cretaceous  fossil  record, 
they  are  probably  the  most  recently  evolved  of  the  three  dominant 
sericterate  feeding  modes.  (Some  of  these  views  are  contrary  to  those 
of  Strong  et  al.  [1984],  Fig.  2.13.)  The  presence  of  leaf-mining  and 
plant-galling  only  in  advanced  holometabolous  groups  (Jolivet  1986)  may 
be  a  fundamental  reason  for  the  difficulty  of  documenting  these  feeding 
modes  until  Late  Mesozoic  floras  appear.  This  fact  does  not  explan  the 
rarity  of  both  feeding  modes  until  the  Cretaceous,  unless  intimate 
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angiosperm/holometabolous- insect  coevolution  is  invoked  as  the  causative 
factor.  Notably,  leaf -mining  members  of  the  sericterate  class  are 
coevolved  with  nonangiospermous  vascular  plants  and  thus  an  Early  to 
Middle  Mesozoic  (or  even  earlier?)  existence  should  not  be  surprising. 

Previous  Designations.  Mouthparts  herein  described  as  sericterate 
previously  have  been  termed  as  mandibulate  (Metcalf  1929,  Metcalf  et  al. 
1962,  Ross  et  al.  1982).  Metcalf  (1929:  112)  classified  larval  lepidop- 
teran  and  similar  larval  hymenopteran  mouthparts  as  "the  chewing  type" 
of  his  Mandibulate  Series,  a  categorization  paralleling  Metcalf  et  al. 
(1962:  140-141)  designation  of  a  "grinding  or  masticatory  subtype"  of 
their  Chewing  Type  (Table  6).  Traditionally,  the  notion  of  "generalized 
mandibulate  mouthparts"  has  included  principally  nymphal  and  adult 
orthopteroids ,  adult  neuropteroids ,  adult  coleopterans  and  most  holo- 
metabolous  larvae,  all  of  which  chew  on  predominately  solid  food  (e.g. 
Chaudonneret  1982) .  However,  this  assemblage  contains  considerable 
structural  variation  and  most  holometabolous  larvae  bear  head  structures 
and  downscaled  or  highly  modified  mouthparts  that  significantly  depart 
from  the  orthopteroid  or  coleopterid  mandibulate  standard  (Snodgrass 
1928,  1935). 

Since  the  taxa  comprising  the  sericterate  mouthpart  class  consti¬ 
tute  a  large  and  discrete  cluster  (Fig.  28),  they  are  separable  from  the 
"typical"  mandibulate  mouthparts  of  adult- ectognathates  and  larval  - 
ectognathates  (Sections  8.3.4  and  8.3.5).  A  characteristic,  recogniz¬ 
able  feature  of  this  group  is  the  spinneret,  or  silk  press,  of  the 
labiohypopharyngeal  region  (although  it  is  also  present  in 
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mandibulobrustiates) ,  to  which  the  name,  "sericterate"  refers  (Greek: 
serici- ,  silk  or  silken).  Although  the  term  "sericterium"  is  a  general¬ 
ized  name  for  the  silk-spinning  apparatus  of  caterpillars  (Torre-Bueno 
1985)  and  even  hymenopterous  parasites  (Gurney  1953:  26),  the  designa¬ 
tion  sericterate  is  new  and  has  no  prior  history. 

Review  of  Literature.  The  sericterate  mouthpart  class  is  abun¬ 
dantly  documented,  particularly  in  several  taxonomic  monographs.  This 
documentation  is  attributable  to  the  sheer  abundance  and  diversity  of 
sericterates ,  some  of  which  are  important  consumers  of  agricultural 
crops  worldwide  and  in  most  instances  by  their  relatively  large  size, 
which  allows  for  relatively  facile  dissections.  An  additional  incentive 
for  documentation  is  the  use  of  head  characters,  particularly  setation, 
as  a  diagnostic  criterion  for  identification  at  lower  taxonomic  levels. 
This  discussion  will  divide  the  sericterate  literature  into  (i)  mono¬ 
graphic  accounts  of  larger  taxonomic  groups,  (ii)  comprehensive  head  and 
mouthpart  descriptions  of  one  or  a  few  species  and  (iii)  studies  of 
particular  mouthpart  or  head  structures,  usually  for  two  or  more 
species . 

Monographic  documentation  of  sericterate  mouthparts  and  head 
structure  includes  (i)  studies  based  on  economically- important  groups, 
(ii)  studies  focusing  on  descriptions  of  species  from  particular 
families  or  superfamilies  and  (iii)  general  surveys  of  lepidopterans  and 
hymenopterans  from  descriptions  of  selected  representative  species. 
Surveys  of  economically  important  groups  include  Hinton  (1943)  for 
lepidopterans  associated  with  stored  grain  and  Hinton  (1957)  on 
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pestiferous  tineids.  Leaf-mining  froms  from  many  families,  some  of 
commercial  importance,  were  described  by  Tr&gardh  (1913)  and  Jayewick- 
reme  (1940).  Major  taxonomic  treatments  include  Ripley  (1923)  and  Crumb 
(1956)  for  noctuids,  Evans  (1959)  for  pamphilids,  and  Yuasa  (1922)  and 
Lorenz  and  Kraus  (1957)  for  tenthredinoids  and  megalodontoids .  General, 
nontaxonomic  surveys  of  lepidopterans  and  hymenopterans  include  Mackay 
(1972)  for  North  American  microlepidopterans ,  Forbes  (1910,  1911)  for 
lepidopterans  in  general,  Short  (1952)  for  hymenopterans  in  general,  and 
Peterson  (1948)  for  excellent  line  drawings  and  life-history  descrip¬ 
tions  of  dominately  herbivorous  lepidopterans  and  hymenopterans . 

More  narrowly- focused  studies  describing  head  and  mouthpart 
structures  of  individual  species  include,  for  microlepidopterans, 

Dumb le ton' s  (1952)  discovery  of  the  agathiphagid  Agathlphaga  viCiensls 
Dumbleton;  Briolini's  (1960)  account  of  the  nepticulids  NepCicula 
stigmella  Stainton  and  N.  pomonella  Vaughn;  Heinreich's  (1918)  compara¬ 
tive  study  of  the  opostegid  Opostega  sp.,  the  nepticulid  Ectoedema 
phelophaga  Busck,  the  tischeriid  Tischeria  quercivorous  Chambers  and 
the  leucopterygid  Proleucoptera  albella  Chambers  (see  also  Briolini 
1965);  Randriamomonjy' s  (1963)  description  of  the  gelechid  Phthorimaea 
Loew;  Lopez's  (1929)  study  of  the  tortricid  Cydia  pomonella  (Linneaus); 
Ippolito's  (1977)  study  of  the  tortricid  Cnephasia  incertara  Tr&gardh 
and  C.  cinereana  Chrystal;  and  Silvestri's  account  and  life-cycle 
description  of  the  tortricid  Tortrix  viridana  Linneaus.  Descriptions  of 
macrolepidopterous  larval  head  and  mouthpart  structure  include  Grandi's 
(1924a)  classical  account  of  the  bombycid  Bombyx  mori  Linneaus,  Peter¬ 
son's  (1912)  study  of  the  arctiid  Pyrrharctia  Isabella  (Smith  and 
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Abbott),  and  Dyar's  (1896)  brief  description  of  the  agaristid  Agrotis 
sp.  Descriptions  of  hymenopterous  sericterates  include  Arora's  (1959) 
examination  of  the  diprionid  Diprion  pini  Linneaus,  Bird's  (1927) 
examination  of  the  tenthredinid  Hoplocampa  halcyon  Norton,  and  Wong's 
(1963)  description  of  the  tenthredinid  PrisCiphora  erichsoni  (Hartig) . 

Detailed  examinations  of  particular  head  or  mouthpart  elements , 
often  for  an  ensemble  of  species ,  involved  light  microscopy  in  earlier 
works  and  scanning  electron  microscopy  in  modern  studies .  Representa¬ 
tive  examples  of  the  former  include  Dethier  (1937)  and  DuPorte  (1956) 
for  internal  head  structures  of  Manduca  quinquemaculata  (Haworth) , 
Hasenfuss  (1969)  for  the  taxonomic  importance  of  head  setation  in 
monotrysan  and  ditrysan  larvae,  Middleton  (1917)  for  a  brief  description 
of  the  antennae  and  selected  mouthparts  of  four  genera  of  cephid  larvae, 
Hinton  (1947)  for  a  description  of  the  dorsal  cranial  area,  particularly 
the  frontoclypeus ,  of  several  lepidopteran  species,  DeGryse  (1915)  for 
documentation  of  modifications  of  the  hypopharynx  and  associated 
structures  among  lepidopterans ,  and  Djamin  and  Pathak  (1967)  for  the 
role  of  silica  in  dental  wear  of  the  mandibles  of  Chilo  supressalis 
(Walker).  Examples  of  the  latter  include  Grimes  and  Neunzig  (1986a, 
1986b)  who  used  scanning  electron  microscopy  for  documentation  of 
maxillary  and  mesal  lobe  structure  among  representatives  from  most 
superfamilies  of  ditrysan  lepidopterans . 
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8.4.  Mandibulo-Canaliculate  Series 

8.4.1.  General  Features  of  the 
Mandibulo-Canaliculate  Series 

General  Structure.  Mandibulo- canaliculate  mouthparts  are  charac¬ 
terized  by  a  prominent  pair  of  widely- spaced,  scythe -shaped  mandibles  or 
mandible  analogs,  each  which  bears  a  duct  or  channel  that  opens  termi¬ 
nally  and  debouches  into  a  mouth  located  at  the  base  of  the  mandibles. 
These  mostly  edentate,  tissue-piercing  structures  are  represented  by 
three  types:  (i)  a  structure  with  a  mandible  and  a  superposing  articu¬ 
lating  lacinia  forming  the  tube  when  engaged,  (ii)  a  simple  tubulate 
mandible  and  (iii)  a  mouthhook  that  generally  bears  a  longitudinal 
tubule  and  articulates  to  various  basal,  maxillary  sclerites.  The  plane 
of  mandibulate  adduction/abduction  is  transverse  in  the  former  two  and 
parasagittal  in  the  latter.  The  labium  and  maxillary  palpi  are  highly 
reduced  and  often  externally  absent.  The  sucking  pump  is  cibarial  or 
esophageal.  Co-opted  mouthpart  elements  are  present,  namely  a  mandible/ 
lacinial  complex  in  the  Fossate  Complex  Class  and  a  modified  cephalopha- 
ryngeal  complex  in  the  Mouthhook  Class.  The  head  is  frequently  dorso- 
ventrally  flattened,  without  compound  eyes  and  usually  without  ocelli. 

The  key  feature  of  the  Mandibulo-Canaliculate  Series  is  a  falcate 
mandible  or  a  mandible- analog  used  as  a  syringe  for  piercing  tissue. 

This  structure  is  used  initially  for  injection  of  lytic  enzymes  for 
fluidizing  tissues  of  prey  items  (dominantly  insects)  and  then  for 
extraction  of  the  fluid  prey  contents.  This  structure  is  connected 
nea-t - exclus ive ly  with  fluid- feeding,  although  some  members  of  the 
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Mouthhook  Class  ingest  suspended  particulate  material  in  their  fluid¬ 
feeding,  which  they  pharyngeally  filter. 

Included  Classes.  The  Mandibulo- Canaliculate  Series  consists  of 
the  Fossate  Complex,  Tubulomandibulate  and  Mouthhook  Mouthpart  Classes. 
(See  Table  5  for  taxal  membership,  life-stages  and  number  of  taxa 
examined  for  each  mouthpart  class) . 

Diversity  and  Other  Distributional  Patterns.  Mouthparts  of  the 
Mandibulo -Canaliculate  Series  occur  only  in  predaceous,  holometabolous 
larvae  feeding  by  fluid  ingestion.  Mandibulo -canaliculate  mouthparts 
have  been  a  successful,  but  taxonomically  limited,  strategy  for  aquatic 
and  terrestrial  entomophages  (although  some  members  of  the  Mouthhook 
Class  are  parasitoids) .  Whereas  the  Fossate  Class  has  originated  once 
in  the  Planipennia  and  the  Mouthhook  Class  has  presumably  originated 
once  among  the  brachycerous  Diptera  (see  Henning  1953,  1981  for  brachy- 
ceran  monophyly) ,  the  Tubulomandibulate  Class  has  minimally  three 
independent  origins  in  the  Coleoptera- -once  among  the  Hydadephaga  and 
twice  among  the  Cantharoidea.  Other,  more  diverse,  larval  coleopteran 
groups --the  vast  majority  of  predaceous  forms --have  retained  larval - 
ectognathate  mouthparts  (see  Section  8.3.5).  In  terms  of  insectan 
taxonomic  diversity,  when  compared  to  other  mouthpart  series,  mandibulo - 
canaliculate  mouthparts  have  not  proved  to  be  a  widespread  mode  of 
feeding.  Although  the  independent  origin  of  mandibulo -canaliculate 
mouthparts  has  resulted  from  at  least  five  evolutionary  lineages,  this 
convergence  has  not  guaranteed  the  high  taxonomic  diversity  observed  in 
other  mouthpart  series  with  less  convergence. 
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Major  Structural  Variations.  All  three  classes  of  the  Mandibulo- 
Canaliculate  Series  represent  unique  structural  solutions  for  mandibu- 
late  larvae  engaged  in  (i)  injection  of  lytic  secretions  into  prey  by  a 
mandible  or  mandible  analog  and  (ii)  uptake  of  fluidized  prey  contents 
while  using  the  same  mandible  like  structure.  The  simplest  mechanism 
occurs  in  the  Tubulomandibulate  Class,  where  duct-bearing  mandibles  are 
associated  with  minimal  modification  of  the  head  capsule  and  mouthparts. 
Rather  than  possessing  a  closed  tube  oriented  lengthwise  through  the 
mandible,  the  Fossate  Class  also  bears  a  falcate  mandible  but  with  an 
upper,  longitudinally  positioned  gutter  that  is  enclosed  by  a  similarly- 
shaped  lacinia  that  fits  over  the  mandibular  gutter.  When  the  mandible 
and  lacinia  are  apposed,  a  tube  results  for  discharge  or  uptake  of  fluid 
materials.  Finally,  in  the  Mouthhook  Class,  mouthhooks  superficially 
resemble  tubulate  mandibles  but  are  articulated  to  a  complex  of  interme¬ 
diary  maxillary  sclerites  for  efficient  abduction  and  clinging  to  prey 
items  or  hosts.  The  diversity  of  mouthpart  structure  among  these  three 
classes  contrasts  to  an  overall  similarity  in  feeding  mode  and  diet. 

Geochronologic  Range.  The  earliest  occurrence  of  the  Mandibulo- 
canaliculate  Series  was  the  Fossate  Class ,  which  is  traceable  by 
indirect  association  with  planipennian  wings  to  the  Artinskian  Stage  of 
the  Lower  Permian  [90],  These  wings  represent  members  of  the  super¬ 
families  Ithonoidea  and  Hemerobioidea  (Crowson  et  al.  1967).  The 
earliest  tubulomandibulate  and  mouthhook  mouthparts  occurred  later, 
during  the  middle  Mesozoic  (vide  infra) . 
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8.4.2.  Fossate- Complex  Class 
(Class  13) 

Description.  Head  spheroidal  to  rarely  anteriorly  prolonged, 
exserted  from  the  thorax;  proboscis  short;  head  nonre tractile .  Genae 
expanded  laterally  comprising  most  of  the  cranium;  gula  mostly  absent 
(replaced  by  prementum)  or  well -developed.  Antennae  long,  filiform; 
stemmata  two  or  numerous,  or  absent;  compound  eyes  absent.  Mouthparts 
mandibulosuctorial ,  prognathous,  symmetrical ,  nonre tractile .  Food  pump 
clypeal  and  pharyngeal . 

Clypeus  quadrate  or  transversely  elongate;  fused  to  lab rum; 
occasionally  absent.  Labrum  variously  shaped;  of  one  segment  or  part  of 
clypeolabrum;  margin  mostly  straight  to  curvilinear,  or  apertuate.  Food 
canal  narrow;  hypopharynx  lobate,  adjoined  to  labrum,  or  a  brace  for 
mouthparts;  epipharynx  membranous.  Mandibles  dicondylic;  grooved  and 
falcate;  dentition  with  an  incisiform  region,  or  hamate,  or  edentate; 
musculation  with  adduction/abduction  normal  to  sagittal  body  plane. 
Maxilla  composed  of  2  variously  shaped,  basal  sclerites  of  main-body; 
bearing  a  lacinia  only.  Maxillary  palps  and  galeae  absent.  Each 
mandible/maxillary  pair  forms  a  complimentary  interlocking  structure 
bearing  a  longitudinal  gutter  serving  as  a  tube  for  fluid  food.  Labium 
with  main-body  of  two  elongated  sclerites;  bearing  labial  palpi  only. 
Labial  palpi  filiform;  2-  or  3-segmented,  rarely  1-  or  4-segmented; 
length  long.  Glossae  and  paraglossae  absent.  Interregional  co-optation 
of  mouthpart  elements  present. 

Key  Phenocharacters .  The  dominant  diagnostic  character  of  the 
Fossate-Complex  Class  is  the  mandibulo -maxillary  apparatus.  Each 
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mandible/lac inia  unit  is  deployed  as  overlapping,  interlocking,  sickle¬ 
shaped  blades  that  form  a  tubular  food  canal.  Secondary  features 
include  a  cranial  capsule  that  is  almost  always  dorsoventrally  flat¬ 
tened,  and  significant  mouthpart  reduction,  especially  the  absence  of 
maxillary  galeae  and  palps,  and  labial  glossae  and  paraglossae. 

Diversity  and  Natural  History.  The  Fossate-Complex  consists  of 
the  immature  stages  of  planipennians ,  commonly  known  as  antiions , 
lacewings  and  mantispids .  Members  of  this  class  are  larvae  that  are 
universally  predaceous  and  fluid- feeding  (Balduf  1939,  Richards  and 
Davies  1977)  (Fig.  68).  Collectively  they  consume  a  wide  variety  of 
insect  prey.  Several  groups  specialize  on  prey  such  as  scarab  larvae 
(ithonids) ,  adult  ants  (myrmeleonids) ,  spider  eggs  (mantispids),  and 
homopterans  and  mites  (chrysopids)  (Hagen  1987) .  Most  fossate- complex 
taxa  are  terrestrial,  occurring  in  or  on  the  ground;  a  few  are  aquatic, 
feeding  on  insect  nymphs  or  sponges  (Balduf  1939)  .  Although  constitut¬ 
ing  17  families,  694  genera  and  4,200  species,  they  only  comprise  a 
paltry  0.5%  of  all  extant  insects  (Appendix  D) .  This  corresponds  to  a 
rank-order  of  23  out  of  34  mouthpart  classes  (Table  5,  Fig.  131). 
Nevertheless,  members  of  the  fossate-complex  are  locally  important  as 
insect  predators  in  or  on  sandy  soils  (myrmeleonids,  nemopterids  and 
ascalaphids) ,  in  forest  litter  or  bark  (psychopsids ,  conipterygids , 
osmylids,  hemerobiids  and  chrysopids),  or  within  various  insect  domi¬ 
ciles  where  they  actively  seek  out  prey  (berothids)  (Clausen  1940,  Hagen 
1987). 
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FIGURE  68.  Overview  of  the  Fossate  Complex  Mouthpart  Class,  a,  Neur- 
orthus  fallax.  (Rambur)  (Planipennia:  Neurorthidae ,  data-set  no.  377), 
after  Zwick  (1967);  b,  taxonomic  distribution  and  number  of  taxa 
examined;  c,  func tional- feeding- group ;  d,  dietary  spectrum;  e,  geo- 
chronologic  range. 
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The  fossate-complex  procures  prey  either  by  active  stalking  or  by 
passive  waiting  for  the  approach  of  a  suitable  victim.  The  latter  habit 
is  accomplished  either  by  constructing  a  depression  in  sand  for  the 
entrapment  of  cursorial  insects  or  by  positioning  the  larva  predator 
adjacent  a  food  lure,  such  as  a  resin  seep  on  a  branch,  and  awaiting  the 
approach  of  attracted  prey.  In  all  cases  securing  prey  is  effected  by 
the  rapid  adduction  of  the  mandibular/maxillary  complex  on  the  body  of 
the  prey,  followed  by  active  pumping  of  the  victim's  body  fluids  until 
the  result  is  a  shrivelled  carcass . 

Structural  Themes.  Mouthparts  of  the  fossate-complex  consist  of 
four  major  themes,  each  of  which  is  represented  by  a  major  subcluster  in 
Fig.  69.  Nine  characters  dominately  contribute  to  the  subdivision  of 
the  fossate-complex  mouthparts,  namely  head  shape,  food  pump  type, 
labral  participation  in  a  multielement  mouthpart  structure,  hypopharynx 
type,  mandibular  dentition,  lacinial  modification,  type  of  labial 
appendages,  and  labial  palpus  type  and  aspect-ratio.  Most  of  these 
characters  involve  special  modifications  of  the  mandibles  and  laciniae 
among  various  planipennian  groups. 

Two  major  subclusters  occur  among  fossate-complex  mouthparts. 
Subcluster  1  consists  of  coniopterygid  and  dilarid  taxa  (bracketed  by 
data-set  nos.  368  to  373  in  Fig.  69).  Larvae  of  Subcluster  1  generally 
bear  abbreviated  antennae  and  labial  palps  and  relatively  short,  stout 
mandibles  and  laciniae.  Subcluster  2  is  more  taxonomically  diverse, 
consisting  of  the  remaining  superfamilies  of  Mantispoidea,  Osmyloidea, 
Hemerobioidea  and  Myrmeleontoidea  (data-set  nos.  374  to  394)  and  are 
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FIGURE  69.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Fossate 
Complex  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouth- 
part  class  to  other  mouthpart  classes . 
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typified  by  long  antennae  and  palpi,  and  elongate,  falcate  mandibles  and 
laciniae.  Subclusters  3  and  4  represent  structurally  isolated,  aquatic 
taxa  and  respectively  includes  the  sisyrid  Climacea  sp.  (379),  a 
spongivorous  form,  and  the  probably  closely  related  (Zwick  1967) 
neurorthid  Neurorthus  fallax  (378) . 

Geochronologic  Range.  Members  of  the  fossate- complex  originate 
from  the  presumably  monophyletic  group,  Order  Planipennia,  which  is  one 
of  three  orders  of  the  neuropteroid  complex  (=Neuroptera  sensu  lato) 
(Boudreaux  1987).  Neuropteroids  have  a  Late  Paleozoic  origin  (Fig.  70) 
and  it  appears  that  megalopterans  are  more  primitive  than  either 
raphidiopterans  or  planipennians  (Hennig  1981).  A  larva  of  a  megalo- 
pteran  has  been  found  in  the  Upper  Permian  of  the  Soviet  Union  [97] 
(Sharov  1953,  Rasnitsyn  1977)  and  adult  megalopteran  wings  occur  in  the 
Lower  Permian  of  the  Soviet  Union  [59]  (Martynova  1961,  Crowson  et  al. 
1967) . 

Three  major  Permian  fossil  insect  deposits- -Elmo  of  the  US  [90], 
Chekarda  of  the  USSR  [89]  and  Belmont  of  Australia  [83 ]- -indicate  the 
presence  of  the  fossate-complex  during  the  Late  Paleozoic.  Adult 
planipennians  from  the  earliest  of  these  deposits,  the  Wellington 
Formation  of  Kansas  [90],  have  been  described  by  Tillyard  (1932,  1937) 
and  Carpenter  (1943)  and  consist  of  two  genera  of  Permoberothidae . 
Although  permoberothids  are  the  oldest  known  planipennian  family 
(Laurentiaux  1953,  Carpenter  1954),  including  the  Kansan  taxa  Permo- 
berotha  villosa  Tillyard  and  Permobiella  perspicua  Tillyard,  Tillyard 
(1937)  and  Carpenter  (1954)  state  that  the  origin  of  planipenniams  must 
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FIGURE  70.  Geochronologic  history  of  the  Fossate  Complex  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Withycombe 
(1924)  modified  by  Hennig  (1981),  and  Kristensen  (1981).  The"  taxo¬ 
nomic  level  of  analysis  is  the  family.  The  outgroup  is  Megalop tera  + 
Raphidioptera.  These  fossil  occurrences  are  not  necessarily  a 
complete  inventory  of  all  documented  fossil  members  of  this  mouthpart 
class . 
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have  occurred  during  the  Late  Carboniferous,  based  on  the  relatively 
advanced  structure  of  the  Early  Permian  forms.  In  somewhat  younger 
strata  at  Cherkarda  [89]  and  Belmont  [83],  more  diverse  assemblages  of 
planipennians  have  been  documented  (Martynov  1923;  Tillyard  1926;  Riek 
1953;  Ponomarenko,  in  Rohdendorf  1980),  comprising  minimally  four 
families:  the  Palaeomerobiidae,  Prohemerobiidae,  Permithionidae  and 

Permosisyridae.  Although  these  families  bear  names  suggesting  relation¬ 
ships  to  modern  planipennian  families,  their  taxonomic  identity  may  be 
less  straightforward  according  to  Carpenter  (1954)  who  only  recognizes 
two  families,  reassigning  the  other  two  to  the  related  orders  Calo- 
neurodea  and  Glosselytrodea  (MacLeod  1970) . 

During  the  early  Mesozoic,  deposits  of  Late  Triassic  age  from 
Queensland,  Australia  [74]  (Tillyard  1917,  1919,  1922,  1923)  and  Late 
Jurassic  age  from  Mecklenburg  and  environs,  Germany  [68]  (Handlirsch 
1908,  Bode  1953)  have  yield  several  genera,  principally  of  the  Pro¬ 
hemerobiidae  and  Psychopsidae.  Although  several  extant  families  enter 
the  fossil  record  during  the  Jurassic,  including  the  Chrysopidae 
(Meunier  1898,  Laurentiaux  1953),  Psychopsidae  (Hong  1983),  Osmylidae 
(Ponomarenko  1984)  and  Coniopterygidae  (Meinander  1975) ,  several 
characteristic  extinct  Mesozoic  planipennian  families  occur,  including 
the  Osmylitidae,  Mesithonidae ,  Prohemerobiidae,  Mesopolystoechitidae  and 
the  distinctive  Kalligrammatidae ,  characterized  by  butterfly- like  wings 
up  to  25cm  in  total  span  (Laurentiaux  1953,  Rohdendorf  and  Rasnitsyn 
1980,  Ponomarenko  1984,  Whalley  1986,  Lambkin  1988).  These  forms  occur 
in  deposits  such  as  the  Solenhofen  lithographic  limestone  [61]  (Hagen 
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1862,  Carpenter  1929)  and  the  Haiffanggou  and  Jiulongshan  Formations  of 
China  [64]  (Hong  1983).  The  first  direct  indication  of  fossate- complex 
mouthparts  is  a  possible  neuropteran  from  the  Upper  Jurassic  of  Britain 
[57?],  specifically  a  "vermiform  larva"  which  apparently  has  "a  distinct 
head  and  sickle-shaped  jaws"  (Whalley  and  Jarzembowski  1985:  401), 
described  by  Brodie  in  1845.  Although  adult  neuropterans  have  recently 
been  described  or  indicated  in  various  Cretaceous  ambers  [45,  37] 
(Zherikin  and  Sukacheva  1973,  Schltiter  1978),  larvae  have  only  been 
documented  for  the  lower  Tertiary  Baltic  Amber  [19]  (Kruger  1923, 

MacLeod  1970,  Larsson  1978).  These  occurrences  constitute  the  earliest 
direct  evidence  for  the  presence  of  the  fossate -complex.  Later  Tertiary 
deposits,  particularly  at  Florissant  [15]  (Cockerell  1908,  Carpenter 
1943),  have  yielded  many  adult  planipennian  fossils. 

Previous  Designations.  Historically,  fossate-complex  mouthparts 
have  been  given  a  nomenclature  indicating  that  they  are  essentially 
mandibulate  mouthparts,  with  some  suggestion  that  they  comprise  a  unique 
functional  solution  for  the  imbibation  of  fluid  food.  Thus,  they  have 
been  characterized  as  "the  chewing  type"  of  the  Mandibulate  Series  by 
Metcalf  (1929),  the  "grasping-sucking"  or  "mandibulo- suctorial  type"  of 
the  "chewing  type"  by  Metcalf  et  al.  (1962)  and  "piercing  and  sucking" 
by  Smith  (1985)  (see  Table  6).  Recently,  Chaudonneret  (1984)  has 
referred  to  larval  planipennian  mouthparts  as  a  distinct  type  of 
predatory  mouthparts,  labelling  them  as  "pieces  buccales  predatrices 
suceuses  mandibulo-maxillaires . "  I  have  decided  to  use  the  strictly 
morphological  term  fossate-complex  to  refer  to  the  unique  condition  of 
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these  mouthparts  wherein  a  mandibular  and  maxillary  gutter,  or  fossa 
(Latin:  a  ditch,  trench,  channel),  is  present  on  the  prominent  mandibles 
and  laciniae  of  all  members  of  the  mouthpart  class . 

Review  of  Literature.  Classical  functional/morphological  treat¬ 
ments  of  fossate- complex  mouthparts  are  provided  by  Wundt  (1961)  for  the 
osmylid  Osmylus  chirysops  Linneaus,  and  Rousset  (1966)  who  provided  a 
detailed  and  comparative  study  of  the  conipterygids  Aleuropteryx  loewi 
Klapalek,  ConLopteryx  pygmaea  Enderlien,  Conwentzia  psociformis 
(Curtis) ,  Semidalis  aleurodiformLs  (Stephens)  and  the  chrysopid, 

Chrysopa  sp.  Genay  (1953)  has  presented  a  less  detailed  survey  of 
ConLopteryx  pygmaea,  Osmylus  chrysops  and  the  hemerobiid  Hemerobius 
nitidalus  Fabricius.  Similarly  Withycombe  (1922)  presented  a  synopsis 
of  British  larval  planipennians ,  describing  species  of  chrysopids, 
hemerobiids,  sisyrids,  osmylids  and  chrysopids,  many  of  which  are  the 
same  species  mentioned  by  Genay  (1954)  and  Rousset  (1966) .  Addition¬ 
ally,  Peterson  (1951)  figured  several  North  American  species. 

More  specialized  accounts  focusing  on  the  structure  of  spingle 
species  include  Gurney  (1947)  for  the  dilarid  Nallachlus  americanus 
(Mac^achlan)  and  the  berothid  Lomamyia  sp.,  Imms  (1911)  for  the  unusual 
Croce  filipennis  Westwood  occurring  in  the  tombs  of  Egyptian  pyramids, 
Loz inski  (1908)  and  Korn  (1943)  for  the  antiion  Myrmeleon  europaeus 
Linneaus,  Principi  (1954)  for  Chrysopa  viridana  Schneider,  Tillyard 
(1923)  for  the  ithonid  Ithone  fusca  Newman,  and  Zwick  (1967)  for  the 
neurorthid  Neurorthus  fallax  (Rambur) .  A  recent  account  by  Griffiths 
(1980)  has  established  associations  between  various  behavioral, 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


428 


morphological  and  environmental  variables  and  feeding  success  rate  for 
the  antiion  Morter  obscurus  Rambur. 

8.4.3.  Tubulomandibulate  Class 
(Class  14) 

Description.  Head  spheroidal,  nonproboscate ,  nonretractile ; 
prothorax  often  enveloping  posterior  head  capsule.  Genae  expanded 
dorsoventrally ,  comprising  most  of  cranium;  gula  generally  prominent  and 
well -developed,  infrequently  minimally  developed.  Triangular  fronto- 
clypeal  sclerite  delimited  by  an  inverted  Y-shaped  suture.  Antennae 
filiform,  palpiform  or  stubby;  stemmata  2  or  supernumerary ;  compound 
eyes  absent.  Mouthparts  mandibulosuctorial ,  prognathous  or  hypogna- 
thous ,  symmetrical  and  nonprotractile .  Food  pump  variously  developed. 

Clypeus  transversely  elongate  or  quadrate ;  fused  to  f rons ; 
infrequently  absent.  Lab rum  with  indistinct  boundaries;  fused  to 
clypeus  or  rarely  a  nasale;  margin  various  but  often  pectinate  or 
acuminate;  absent  in  some.  Pharynx  proper  diminutive;  hypopharynx 
lingulate  and  lobate  or  a  bulbous  reservoir  with  an  apertuate  lobe. 
Mandibles  dicondylic;  falcate,  tubulate  to  rarely  grooved;  edentate; 
musculation  of  adduction/abduction.  Maxillae  with  main-body  of  two 
sclerites;  stipes  equant  to  elongate;  almost  always  bearing  galea  and 
palpi  only,  or  palpi  only.  Maxillary  palpi  stubby,  mucronate  or 
filiform- clavate ;  4-  to  6-segmented;  mostly  short  in  length.  Galea 
palpiform,  long  and  cylindrical  with  a  terminal  setal  tuft,  or  absent; 
laciniae  absent  to  rarely  present  and  mucronate.  Labium  equant  to 
elongated  with  main-body  of  two  sclerites;  bearing  labial  palpi  only. 
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Labial  palpi  filiform  or  mucronate  to  rarely  papillate;  2-  or  3- 
segmented;  short  or  long  in  length.  Glossae  and  paraglossae  absent. 
Interregional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  The  only  distinctive  feature  of  the  Tubulo- 
mandibulate  Class  is  the  presence  of  falcate  mandibles  perforated  by  an 
internal  food  tube  that  are  positioned  laterally  on  the  head  capsule, 
adjacent  the  lateral  cranial  wall  where  the  antennae  are  inserted. 

These  mandibles  are  perpendicular  to  the  sagittal  axis,  unlike  the 
mandibles  of  the  Mouthhook  Class  which  articulate  parallel  to  the 
sagittal  axis.  Like  other  holometabolous  larvae,  the  maxillary  and 
labial  elements  of  tubulomandibulates  are  abbreviated. 

Diversity  and  Natural  History.  The  Tubulomandibulate  Class  is 
overwhelmingly  characterized  by  predaceous  and,  less  commonly,  scav¬ 
enging  feeding  habits;  diets  are  typified  by  carnivory,  particularly 
insectivory  (Hagen  1987)  (Fig.  71).  They  are  found  in  two  disjunct 
habitats:  as  nekton  in  the  shallow  aquatic  zone  in  freshwater  and  as 
cursorial  predators  in  forest  litter,  under  bark  or  in  decaying  wood 
(Peterson  1951,  White  1983,  White  et  al.  1984).  In  both  habitats, 
tubulomandibulates  are  important  primary  predators,  even  though  as  a 
mouthpart  class  they  comprise  12  families,  567  genera  and  14,487  species 
of  larval  coleopterans  (Appendix  D) .  This  translates  to  a  rank- order  of 
14  out  of  34  mouthpart  classes  (Table  5,  Fig.  131).  However,  they  do 
represent  the  independent  acquisition  of  a  specialized  mode  of  mandibu- 
late  fluid- feeding  in  one  lineage  of  Hydadephaga  and  at  least  two 
lineages  of  Cantharoidea  (Crowson  1972,  1981;  Lawrence  and  Newton  1982). 
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INCLUDED  TAXA: 

Coleoptera  (Hygroblidae), 
Dytlscidae,  Gyrinidae, 
Haliplidae,  Brachypsect- 
ridae,  Lycidae,  Drilidae, 
Phenogodidae,  ?Telegeu- 
sidae,  Lampyridae, 
Cantharidae 


CHEWING/CUTTING 


b  N=20 


FIGURE  71.  Overview  of  the  Tubulomandibulate  Mouthpart  Class,  a, 

Ch.auliogna.thus  sp.  (Coleoptera:  Cantharidae,  data-set  no.  576),  after 
Peterson  (1951);  b,  taxonomic  distribution,  number  of  taxa  examined 
and  geochronologic-  range;  c,  functional -feeding- groups;  d,  dietary- 
spectrum. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


431 


The  superfamily  Hydadephaga  comprises  six  families  of  adephagan 
beetles,  generally  associated  with  freshwater  and  rarely  marine  habi¬ 
tats.  Of  those,  at  least  four  families,  the  Haliplidae,  Hygrobiidae, 
Dytiscidae  and  Gyrinidae,  have  larval  stages  that  bear  specialized 
tubulate  mandibles.  The  dominant  taxon  among  the  four  is  the  Dytiscidae 
(predaceous  diving  beetles)  who  are  eclectic  predators  on  aquatic 
insects,  molluscs,  earthworms,  tadpoles  and  small  fish  (White  1983)  and 
the  Gyrinidae  (whirligig  beetles)  who  are  predators  and  scavengers  on 
dead  insects  in  the  neuston  zone  (White  et  al.  1984).  The  nondiverse 
Hygrobiidae  is  a  small  family  whose  aquatic  larvae  consume  worms  and 
torpid  larvae  of  insects  (Clausen  1940) .  The  Haliplidae  (crawling  water 
beetles)  is  the  only  major  exception  to  the  general  feeding  pattern  in 
the  class,  since  they  feed  on  submerged  herbaceous  material.  Although 
the  adult  stages  of  all  four  hydradephagan  families  are  aquatic,  members 
nevertheless  are  capable  of  emerging  from  water  and  pupating  (Crowson 
1981) . 

The  Cantharoidea,  a  superfamily  of  elateriform  polyphagan  beetles 
(Lawrence  and  Newton  1982) ,  contains  at  least  four  families  with  larval 
tubulomandibulate  mouthparts.  Virtually  all  of  the  species  in  these 
families  are  predaceous  and  carnivorous  in  feeding  habits  (Crowson  1981) 
and  most  exhibit  bioluminescense  at  some  or  all  stages  of  their  life 
cycle  (Clausen  1940).  These  forms  are  terrestrial,  often  occurring  in 
damp  conditions  in  forest  litter  and  similar  habitats.  The  most  diverse 
family,  the  Cantharidae  (soldier  beetles) ,  have  flattened  larvae  that 
consume  soft-bodied  invertebrates,  including  insect  larvae,  invertebrate 
eggs  and  nonsclerotized  insects  (Clausen  1940,  White  1983).  The 
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cylindrical  larvae  of  the  Lampyridae  (lightningbugs ,  fireflies)  also 
consume  soft-bodied  invertebrates  but  prefer  snails  and  slugs  (Clausen 
1940,  Brues  1972).  The  less  known  Phenogodidae  (glowworms)  are  also 
litter -dwelling  forms  and  feed  on  soft-bodied  insects  (White  1983)  or  on 
millipedes  (Richards  and  Davies  1977).  Finally,  larvae  of  the  non- 
di verse  Brachypsectridae  (Texas  beetles) ,  tentatively  placed  in  the 
Cantharoidea  (Lawrence  1987),  feed  on  spiders.  Apparently  all  cantha- 
roid  members  of  the  Tubulomandibulate  Class  secrete  a  histolytic,  death- 
inducing  fluid  originating  from  a  gland  at  the  base  of  each  mandible, 
thus  allowing  for  rapid  extraction  of  the  fluidized  prey  contents 
(Claussen  1940,  Crowson  1981).  Suction  of  prey  fluid  is  transferred 
from  the  mandibular  food  tube  to  the  mouth  proper  (cibarium) ,  unlike  the 
situation  among  hydadephagans ,  wherein  a  mandibular  channel  carries 
fluid  food  directly  to  a  pharyngeal  region,  bypassing  the  true  mouth 
(Richards  and  Davies  1977). 

Structural  Themes.  Tubulomandibulates  consist  of  three  major 
themes.  Each  theme  is  represented  by  a  major  subcluster  (Fig.  72)  that 
corresponds  to  a  group  of  families  or  a  family.  These  three  themes  are 
principally  resolved  by  13  characters  that  are  distributed  evenly  among 
head  and  mouthpart  regions .  The  characters  contributing  to  the  forma¬ 
tion  of  these  subclusters  are  gula/hypostome  development,  antennal  type, 
stemmatal  number,  clypeal  shape  and  segmentation,  hypopharynx  type, 
epipharynx  type ,  mandible  type,  mandibular  dentition,  type  of  maxillary 
appendages,  maxillary  palp  aspect-ratio  and  galeal  modification. 
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TUBULOMANDIBULATE  MOUTHPARTS 


FIGURE  72.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Tubulo- 
mandibulate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  Classes. 
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Subcluster  1  (bracketed  by  data-set  taxa  434  to  442  in  Fig.  72) 
corresponds  to  the  aquatic  adephagan  families  Hygrobiidae  (434)  and 
Dytiscidae  (all  others  in  the  subcluster) .  Hygrobiids  and  dytiscids 
have  a  dorsoventrally  flattened,  exserted  cranial  capsule  with  pro¬ 
nounced  genae  that  fuse  ventrally  and  dorsally  and  a  terminally  posi¬ 
tioned  labium.  These  forms  are  major  predators  on  insects,  tadpoles  and 
small  fish  in  freshwater  ecosystems.  Subcluster  2  is  bracketed  by  taxa 
561  to  573  and  consists  of  five  terrestrial  families  of  the  Cantha- 
roidea:  Brachypsectridae ,  Drilidae,  Phenogodidae ,  Lampyridae  and 
Cantharidae.  Cantharoids  possess  a  retractile,  equant  cephalic  capsule 
with  elongate  basal  sclerites  of  the  maxillae  and  labium  extending  along 
most  of  the  ventral  cranial  exposure.  These  forms  prey  on  snails, 
slugs,  insects  and  millipedes  usually  in  litter  or  moss  layers  of 
forests.  Subcluster  3  consists  of  the  cantharoid  family  Lycidae  and  is 
differented  from  other  cantharoids  primarily  by  the  loss  or  rudimenta- 
tion  of  head-  and  mouthpart- related  structures  such  as  ocelli,  the 
clypeus  and  the  lab rum. 

Geochronologic  History.  The  geochronologic  history  of  the 

Tubulomandibulate  Class  is  characterized  by  first  a  radiation  of  aquatic 

» 

hydradephagan  groups  during  the  Early  Jurassic,  followed  by  a  second 
radiation  of  several  terrestrial  cantharoid  groups  during  the  Early 
Cretaceous  (Crowson  1981,  Hennig  1981)  (Fig.  73).  Since  these  two 
superfamilial  groups  have  been  analyzed  cladistically  and  possess  a 
modest  Mesozoic  fossil  record,  inferences  can  be  made  regarding  the 
approximate  timing  of  their  initial  radiation. 
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FIGURE  73.  Geochronologic  history  of  the  Tubulomandibulate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Burmeister 
(1976),  Crowson  (1981)  and  Beutel  (1986)  for  the  Hydadephaga  (but  see 
Kavanaugh  [1986]  for  a  different  view),  and  Crowson  (1972)  and 
Lawrence  (1977a)  for  the  Cantharoidea.  The  taxonomic  level  of  ana¬ 
lysis  is  the  family.  The  outgroups  are  the  Geadephaga  and  Elater- 
oidea.  These  fossil  occurrences  are  not  necessarily  a  complete 
inventory  of  all  documented  fossil  members  of  this  mouthpart  class. 
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Coleopterans  of  the  suborder  Adephaga  are  characterized  by  the 
unique  placement  of  the  hind  coxae  among  coleopterans  and  have  tradi¬ 
tionally  been  divided  into  a  terrestrial  geadephagan  and  aquatic 
hydradephagan  lineages.  Hydradephagans  are  apparently  monophyletic 
(Burmeister  1976),  with  the  tubulomandibulate  families  Dytiscidae  and 
Hygrobiidae  collectively  exhibiting  a  sister- group  relationship  to  the 
Amphizoidae  (Beutel  1986) .  Although  the  remaining  tubulomandibulate 
family,  the  Gyrinidae,  was  not  included  in  Beutel' s  (1986)  analysis, 
they  probably  have  a  distant  sister-group  with  respect  to  these  three 
mandibulo tubulate  families  within  the  adephagan  lineage  (Beutel  and 
Rohghley  1988) .  Similarly,  Lawrence  and  Newton  (1982)  maintained  that 
gyrinids  may  be  closer  to  the  primitive  adephagan  stock  than  to  the 
derived  "dytiscoid"  lineage.  Others,  such  as  Crowson  (1981)  and 
Burmeister  (1976),  indicate  that  gyrinids  are  a  more  proximal  sister- 
group  to  the  Amphizoidae  +  (Dytiscidae  +  Hygrobiidae)  clade.  The 
evidence  suggests  a  monophyletic  origin  of  tubulomandibulate  mandibles 
within  the  Hydradephaga ,  though  a  diphyletic  origin  should  be  enter¬ 
tained. 

The  earliest  characterizable  hydradephagan  is  from  the  Lower 
Jurassic  of  the  Soviet  Union  [67],  Angaragabus  jurassicus  Ponomarenko, 
which  is  an  adult  member  of  the  nontubulomandibulate  family  Noteridae 
(Ponomarenko  1963,  Crowson  1981).  However,  the  oldest  demonstrable 
tubulomandibulate  hydradephagans  are  adults  of  the  gyrinid  Angarogyrus 
minimus  Ponomarenko  and  the  dytiscid  Cretodytes  latipes  Ponomarenko  from 
the  Upper  Jurassic  of  the  Soviet  Union  [60]  (Ponomarenko  1973,  1977, 
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Crowson  1981,  Hennig  1981).  In  Jurassic  deposits,  larvae  with  falcate, 
robust  mandibles  have  been  assigned  to  the  Parahydrobiidae  (Ponomarenko 
1977),  a  species  that  may  be  ancestral  to  modem  Hydrobiidae.  The 
earliest  confidently  assigned  dytiscid  larvae  are  forms  bearing  falcate 
mandibles  from  the  Lower  Cretaceous  of  Australia  [53]  (Jell  and  Duncan 
1986)  .  Dytiscid  adults  have  also  been  described  from  the  the  early 
Cretaceous  of  Transbaikalia,  Soviet  Union  [52]  (Ponomarenko  1988b). 

Thus,  by  Late  Jurassic  times,  aquatic  members  of  the  Tubulomandibulate 
Mouthpart  Class  existed  in  moderate  diversity. 

Within  the  suborder  Polyphaga,  which  constitutes  88%  of  all 
beetles,  the  superfamily  Cantharoidea  is  recognized  as  a  distinctive 
group  (Crowson  1981) ,  although  its  monophyletic  integrity  has  been 
recently  doubted  by  Lawrence  (1987) .  This  questioning  largely  centers 
on  the  taxonomic  affinities  of  Brachypsectra,  which  bridges  the  Cantha¬ 
roidea  with  its  sister-group,  the  Elateroidea.  Because  Brachypsectra 
possesses  thin,  tubulate  mandibles  found  in  several  cantharoid  families 
(Bfiving  and  Craighead  1931) ,  it  has  been  suggested  that  tubulate 
mandibles  are  autamomorphous  for  the  Cantharoidea.  However,  this  matter 
remains  muddled  because  of  the  tentative  systematic  position  of  Brachy¬ 
psectra  (Crowson  1976)  and  the  presence  of  several  cantharoid  families, 
some  of  them  more  plesiomorphous  than  cantharids  or  lampyrids ,  that  lack 
tubulate  mandibles  (Lawrence  and  Newton  1982) .  Accepting  a  sister-group 
relationship  between  the  Elateroidea  and  Cantharoidea  and  the  presence 
of  elateroid  fossils  from  the  Early  Jurassic  (Dolin  1973),  a  Late  Juras¬ 
sic  divergence  time  has  been  proposed  by  Crowson  (1981) .  Additional 
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substantiation  for  this  timing  is  the  presence  of  a  cantharid  adult  from 
the  Lower  Cretaceous  of  Victoria,  Australia  [53]  (Jell  and  Duncan  1986). 
The  Australian  cantharid  is  the  only  member  unequivocably  found  in  the 
Mesozoic;  other  members  occur  in  the  Eocene/Oligocene  Baltic  Amber  biota 
[19]  and  resemble  modem  genera  (Larsson  1978;  Ponomarenko  1988b). 
Clearly,  by  Cretaceous  times,  tubulomandibulate  members  were  largely 
exploiting  ground  habitats  for  predaceous  feeding. 

Previous  Designations.  As  far  as  can  be  determined  from  the 
available  literature,  the  Tubulomandibulate  Mouthpart  Class  has  been 
associated  with  planipennian  larval  mouthparts  when  a  distinction  has 
been  made  between  "generalized"  mandibulate  mouthparts  and  a  specialized 
subset  variously  referred  to  variously  as  "grasping -sucking"  or 
"mandibulo- suctorial"  (Metcalf  et  al.  1962),  "chewing-  sucking"  (Borror 
et  al.  1976)  or  "piercing- and- sucking"  (Smith  1985).  When  this  distinc¬ 
tion  has  been  absent,  they  have  been  assigned  a  more  general  designation 
(Metcalf  1929)  or  not  discussed  (Table  6).  In  a  review  of  major 
modifications  of  insect  mouthparts,  Chaudonneret  (1984)  considered 
dytiscid,  gyrinid  and  lampyrid  larval  mouthparts  as  a  distinct  type, 
terming  them  "pieces  buccales  predatrices  suceuses  mandibulaires . "  His 
characterization  is  the  one  that  most  closely  approximates  the  concept 
of  the  mouthpart  class  that  I  am  herein  naming  tubulomandibulate.  The 
designation,  tubulomandibulate,  refers  to  the  characteristic  perforated 
mandibles  possessed  by  all  members  of  this  mouthpart  class. 

Review  of  Literature.  A  substantial  literature  exists  regarding 
tubulomandibulate  mouthparts  descriptions.  Monographic  treatments  of 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


439 


mouthpart  structure  of  selected  genera  commences  with  Vogel's  (1915) 
description  of  the  lampyrid  Lampyris  noctiluca  Linneaus  and  Blunck's 
(1918)  description  of  the  dytiscid  Dytiscus  marginalis  Linneaus  and, 
more  recently,  Noars'  (1956)  work  on  the  gyrinid  Orectochilus  villosus 
Mttller  and  Honomichl's  (1975)  work  that  emphasizes  the  cranial  muscu¬ 
lature  of  the  gyrinid  Gyrinus  substriatus  Stephens.  DeMarzo  (1976a-c; 
1977a, b;  1978;  1979)  in  a  series  of  detailed  studies  particularly 
focusing  on  mandible  structure,  has  described  the  mouthparts  and 
mandible  morphogenesis  of  genera  from  the  major  dytiscid  groups, 
including  Dytiscinae,  Colymbetinae ,  Laccophilinae  and  Hydroporinae ,  and 
concludes  with  a  discussion  of  the  sucking  apparatus.  Jaboulet  (1960) 
has  presented  a  brief  review  of  mouthpart  structure  for  three  haliplid 
genera,  Haliplus ,  PeltodyCes  and  Brychius .  More  cursory,  shorter 
accounts  of  mouthpart  structure  include  Burgess  (1881)  and  Blunck  (1916) 
for  Dytiscus  marginalis  Linneaus,  Balfour-Browne  (1922)  for  the  hygro- 
biid  Pelobius  tardus  Herbst,  Raj  (1943)  for  the  lampyrid  Lamprophorus 
tenebrosus  Walker  and  Gardner  (1946)  for  the  lampyrids  Luciola  dubia 
Oliver  and  Diaphanes  planus  Gorham. 

8.4.4.  Mouthhook  Class 
(Class  15) 

Description.  Head  inconspicuous,  often  marginally  projecting  and 
sunken  into  thorax;  nonproboscate ;  retractile.  Genae  and  gula  part  of 
cephalopharyngeal  capsule,  surrounded  by  exogenously-derived,  ensheath- 
ing  tissue;  lacking  evidence  of  suture-bound  cephalic  sclerites. 
Antennae  stubby  or  papillate,  rarely  absent;  stemmata  absent;  compound 
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eyes  absent.  Mouthparts  mandibulosuctorial  (some  forms  lacking  a 
mandibular  tubule?),  prognathous  to  hypognathous ,  symmetrical,  retrac¬ 
tile.  Food  pump  clypeal  (?)  and  pharyngeal . 

Clypeus  quadrate  to  vertically  elongate ,  fused  to  f rons ;  often 
indistinguishable  or  absent.  Labrum  transversely  elongate  or  quadrate; 
undivided;  margin  straight/curvilinear,  lingulate,  pectinate  or  mucro- 
nate.  In  others  labrum  not  delimited  externally,  forming  internal 
supportive  rods.  Hypopharynx  withdrawn  internally,  forming  a  distinc¬ 
tive  endoskeleton,  the  cephalopharyngeal  apparatus.  Epipharynx  setate 
or  membranous;  mostly  absent.  Mandibles  dicondylic;  vertically- oriented 
and  fused  to  maxillary  elements;  hooklike  (mouthhooks) ,  rarely  falcate, 
with  or  without  a  tubule ;  edentate  or  rarely  pectinate ;  musculation  for 
adduction/abduction  vertical  to  sagittal  plane.  Maxilla  with  stipes 
shaped  similar  to  and  accompanying  mandible  as  an  accessory  cutting 
structure.  Maxillary  palpi  abbreviated  or  absent;  galeae  and  laciniae 
not  evident.  Labium  with  elongate  "main-body"  bearing  rudimentary  palps 
in  some;  often  reduced  to  a  lingulate  lobe.  Internal  H-shaped  hypo- 
pharynx  articulating  with  mandibles  and  labial  sclerites  anteriorly  and 
large,  prothorax- sunken  tentoropharyngeal  sclerite  posteriorly. 
Tentoropharyngeal  sclerite  bearing  large,  paired  dorsal  and  ventral 
wings  attached  to  thoracic  musculature  for  head  retraction.  Interre¬ 
gional  co-optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  Mouthhook  mouthparts  are  very  distinctive 
because  of  their  pronounced  modification  and  they  cannot  be  confused 
with  any  other  mouthpart  type .  Characteristic  features  include  a  small , 
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sutureless  head  withdrawn  into  the  thorax,  a  pair  of  conspicuous, 
falcate,  vertically- oriented  mouthhooks,  absence  or  extreme  reduction  of 
maxillary  and  labial  palps ,  and  lack  of  ocelli  and  compound  eyes .  The 
Mouthhook  Class  is  the  only  mouthpart  type  that  bears  vertically- 
oriented  mandibles . 

Diversity  and  Natural  History.  The  Mouthhook  Class  is  the  most 
diverse  group  within  the  Mandibulo- canaliculate  Series,  constituting 
about  7.6%  of  all  hexapod  species  and  comprising  98  families,  4,500 
genera  and  72,642  species  of  larval  brachyceran  dipterans  (Appendix  D) . 
This  species  diversity  translates  to  a  rank-order  six  out  of  34  mouth- 
part  classes  (Table  5,  Fig.  131).  Adult  stages  of  the  Mouthhook  Class 
are  principally  labellates,  although  some  stylate-haustellate  classes 
are  represented  (Table  5) .  Members  of  the  Mouthhook  Class  are  commonly 
known  as  maggots  and  are  usually  legless,  unsclerotized,  vermiform 
larvae  inhabiting  the  several  microhabitats  described  below. 

Typical  habitats  inhabited  by  members  of  the  mouthhook  class 
include  carrion,  dung,  rotting  wood,  large  fungal  sporocarps,  fermenting 
fruit,  the  internal  tissues  of  animals  (endoparasitoids)  and  leaves 
( leaf -miners ) .  Features  of  virtually  all  of  these  habitats  include 
their  ephemeral  nature,  patchy  spatial  distribution,  varied  internal 
structure  and  presence  of  a  unique,  high-quality  food  resource.  Because 
of  the  restricted  spatiotemporal  setting  of  these  habitats,  immediate 
colonization  of  such  a  sizable  food  resource  is  essential  to  potential 
consumers  who  will  be  competing  with  other  taxa  of  the  same  functional - 
feeding-group  (Kukor  and  Martin  1987,  Braack  1987).  In  fact,  carrion 
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communities  in  vertebrate  carcasses  are  one  of  the  few  habitats  where 
intraspecific  and  interspecific  competition  has  been  demonstrated  to 
structure  internal  community  dynamics  (Jermy  1985,  Braack  1987,  Peschke 
et  al.  1987).  The  intensity  of  consumption  of  temporally  and  locally 
restricted  but  abundant  food  resources  is  partially  offset  by  partition¬ 
ing  of  the  food  resource  into  numerous  substrates.  Each  substrate  is 
consumed  by  a  functional -feeding- group  (often  dominated  by  members  of 
the  Mouthhook  Class)  specializing  on  a  particular  tissue  type  at  a 
particular  stage  of  decay. 

Regardless  of  their  habitat,  food  consumed  by  members  of  the 
Mouthhook  Class  (Fig.  74)  is  characterized  by  several  qualities.  First, 
it  involves  usually  dead  tissue  (parasitoidism  and  leaf -mining  excepted) 
that  is  at  some  stage  of  decay.  Mouthhook  Class  members  are  mostly 
necrovores  and  range  from  necrocarnivory  (carrion)  to  necroherbivory 
(fermenting  fruit)  to  necrolignivory  (rotting  logs)  to  stercovory  (cow 
pies)  to  necrofungivory  (decomposing  basidiomycete  sporocarps) . 

Secondly,  as  the  formerly  solid- food  resource  decomposes,  it  is  trans¬ 
formed  into  a  solid- fluid  mixture,  then  to  a  fluid  consistency  as 

decomposition  progresses  and  eventually  back  to  a  solid  state  as  the 

* 

food  dessicates  (Smith  1986a) .  Thirdly,  although  limited  in  space  and 
time,  food  resources  by  insects  with  mouthhook  mouthparts  are  of 
exceptionally  high  dietary  quality  when  compared  of  phytophagy  in  other 
mouthpart  classes ,  and  is  nutritionally  supplemented  by  primary  decom¬ 
posing  micro-organisms  such  as  bacteria,  yeasts  and  various  protozoans. 

Carrion  is  perhaps  the  best- studied  of  these  habitats  and  food 
resources ,  principally  because  of  the  contribution  that  forensic 
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entomology  has  made  to  solving  crimes  involving  human  corpses.  Studies 
on  exposed,  buried  and  submerged  cadavers  has  revealed  an  intricate 
partitioning  of  food  resources  based  on  tissue  type  and  state  of  decay 
(Smith  1986a,  Peschke  et  al.  1987).  Various  studies  have  identified 
from  five  to  eight  discrete  stages  of  human  and  nonhuman  corpse  decompo¬ 
sition,  in  which  members  of  the  Mouthhook  Class  are  prominent  in  the 
first  half  of  the  decay  process  and  adult  mandibulates  (mostly  beetles) 
during  the  last  half  of  the  decay  process  (Smith  1986a,  Braack  1987, 
Peshke  et  al.  1987).  Members  of  the  Mouthhook  Class  that  dominate  the 
earliest  stages  of  decomposition  are  maggots  of  the  Calliphoridae  and 
Sarcophagidae  (Frost  1959,  Braack  1987). 

Decomposing  wood  exhibits  a  somewhat  different  fauna  (Hamilton 
1978) ,  although  it  is  also  rich  in  members  of  mouthhook-bearing  fly 
larvae,  some  of  which  consume  rotting  wood  and  its  microbial  inhabit¬ 
ants  .  Most  mouthhook  inhabitants  of  rotting  wood  are  predatory  on  wood 
consuming  larvae  (Frost  1959,  Teskey  1976).  Fleshy  fungal  sporocarps, 
like  carrion,  are  additionally  an  ephemeral  resource,  persisting  from  a 
few  days  to  a  few  weeks  (Ashe  1984b,  Kukor  and  Martin  1987).  In  these 
microhabitats,  especially  fleshy  gilled  mushrooms,  fly  larvae  dominate 
the  fauna  (Bruns  1984) ,  although  it  is  supected  that  few  of  these 
inhabitants  are  obligate  mycetobionts  and  are  predators  on  fungus - 
consuming  larval  and  adult  insects  (Kukor  and  Martin  1987) .  Vertebrate 
dung  is  another  habitat  and  food  resource  used  by  several  families  of 
fly  larvae,  including  scatopsids,  helomyzids,  anthomyiids,  sarcophagids , 
sapromyzids,  muscids  and  others  (Frost  1959).  Many  fly  larvae  are  also 
parasitoids  of  other  larval  or  adult  insects  and  use  their  mouthhooks 
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and  associated  mouthpart  structures  as  anchors  and  feeding  organs  on 
particular  internal  tissue  substrates.  Prominent  parasitoids  include 
tachinids  and,  to  a  lesser  extent,  other  calyptrate  muscomorphan 
families  (Clausen  1940) .  Finally,  it  is  notable  that  leaf-mining  as  a 
habitat-type  and  feeding  behavior  has  been  entered  not  only  by  sericte- 
rates  (see  Section  8.3.14)  but  also  by  members  of  the  Mouthhook  Class, 
particularly  agromyzids,  tephritids  and  chloropids  (Hering  1951,  Lawton 
1976,  Brown  and  McGavin  1982,  Aderkas  and  Peterson  1987). 

Structural  Themes .  Three  maj  or  themes  are  indicated  by  the 
subclustering  patterns  of  mouthhook  mouthparts  in  Fig.  75.  These  themes 
encompass  approximately  75%  of  dipteran  superfamilial  diversity  and 
include  advanced  nematocerans ,  brachycerans  and  cyclorrhaphans . 
Approximately  16  characters  account  for  the  separation  of  mouthhook 
mouthparts  into  subclusters  and  most  of  these  involve  mouthpart  reduc¬ 
tion  series  or  modifications  of  the  mouthhooks .  The  16  characters 
responsible  for  most  of  the  separation  of  taxa  into  subclusters,  with 
two  exceptions,  originate  from  four  mouthpart  fields- -general  features 
of  mouthpart  apparati,  and  the  pharyngeal,  mandibular  and  maxillary 
regions . 

Subcluster  1  (bracketed  by  data-set  nos.  859  to  883  in  Fig.  75) 
consists  of  cecidomyiid  nematocerans  and  tabanoid,  asiloid  and  empidoid 
brachycerans;  24  taxa  from  12  families  are  represented.  Taxa  of  this 
subcluster  have  the  highest  complement  of  head  and  mouthpart  elements  of 
the  three  subclusters  and  they  often  possess  pronounced  falcate  or 
cupulate  mandibles.  Subcluster  2  (data-set  nos.  895  to  1027)  consists 
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MOUTHHOOK  MOUTHPARTS 


FIGURE  75.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Mouthhook 
Mouthpart  class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


447 


of  a  nemestriniid  brachyceran  and  aschizan  and  primitive  schizophoran 
cyclorrhaphans ;  nine  taxa  from  seven  families  are  represented.  These 
taxa  exhibit  the  greatest  reduction  of  mouthpart  elements  and  are 
characterized  by  missing  clypeus ,  labra  (sometimes  only  reduced),  galeae 
and  laciniae .  Members  bear  mouthhooks  that  are  short  and  hooklike ,  or 
less  often  cupulate.  Subcluster  3  consists  of  primitive  and  derived 
schizophoran  cyclorrhaphans;  22  taxa  from  17  families  and  nine  super¬ 
families  are  present.  This  subcluster  exhibits  modest  mouthpart 
reduction,  with  the  galeae  and  laciniae  absent  but  the  clypeus  and 
labrum  present;  the  mouthhooks  are  tubulate  and  falcate.  These  three 
themes  are  characterized  overall  by  a  reduction  series  of  mouthpart 
elements  and  by  structural  modifications  of  the  mouthhooks. 

Geochronologic  History.  Since  the  mouthhook  mouthpart  class 
approximately  corresponds  to  larval  brachycerous  dipterans  (nematocerans 
lack  mouthhooks) ,  the  timing  of  the  earliest  occurrence  of  the  mouthhook 
mouthpart  class  centers  on  the  presumed  time  of  divergence  between  the 
Brachycera  and  its  sister-group,  the  Bibionomorpha  (Hennig  1981).  Based 
on  the  presence  of  diverse  bibionomorph  taxa  described  from  the  Upper 
Triassic  of  central  Asia  [73],  including  forms  such  as  JRhaetomyia , 
Protobliogaster  and  Protorhyphus  that  are  unassignable  to  modern 
families  but  apparently  are  referable  to  the  Bibionomorpha  (Rohdendorf 
1974,  Hennig  1981,  but  see  Carpenter  and  Burnham  1985),  the  earliest 
indirect  evidence  for  mouthhook  mouthparts  is  Late  Triassic  (Fig.  76). 
All  Late  Triassic  dipteran  fossils  are  adults,  particularly  wings, 
disallowing  direct  confirmation  of  the  presence  of  mouthhook  mouthparts. 
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FIGURE  76.  Geochronologic  history  of  the  Mouthhook  Mouthpart  Class. 

See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil- occurrence .  The  phylogram  is  after  Rohdendorf  (1980)  and 
McAlpine  and  Wood  (1989).  The  level  of  taxonomic  analysis  is  the 
superfamily.  The  outgroup  is  Bibionidae.  These  fossil  occurrences 
are  not  a  complete  inventory  of  all  documented  fossil  members  of  this 
mouthpart  class . 
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The  earliest  brachyceran  fossil  is  an  asilomorph  wing  from  the 
Lower  Jurassic  of  East  Germany  [68]  described  by  Handlirsch  (1937)  and 
affirmed  by  other  studies  (Hennig  1967;  Rohdendorf  1974;  Kovalev  1981, 
1985) .  Somewhat  younger  deposits  from  the  Early/Middle  Jurrasic 
boundary  of  the  Irkutsk  Region,  Soviet  Union  [67]  have  yielded  several 
genera  assignable  to  two  tabanoid  lineages,  the  Rhagionidae  and  an 
unspecified  second  group  (Kovalev  1981,  1982,  1985).  By  the  end  of  the 
Jurassic,  the  superfamilies  Bombyloidea  (Nemestrinidae ,  Acroceridae)  and 
Empidoidea  ( Protempis )  were  added  (Rohdendorf  1980,  Kovalev  1985, 
Kalugina  and  Kovalev  1985) ,  indicating  a  significant  diversity  of  eight 
families  of  predaceous  and  anthiphilous  asilomorphs .  This  trend 
constitutes  additional  direct  evidence  for  the  occurrence  of  mouthhook 
mouthparts  during  the  Jurassic. 

During  the  earliest  Cretaceous,  the  first  direct  evidence. for 
mouthhook  mouthparts  is  provided  by  the  earliest  brachyceran  larva.  In 
Lower  Cretaceous  deposits  of  Spain  [56] ,  at  least  four  unnamed  brachy¬ 
ceran  larvae  are  known,  two  which  are  stratiomyids ,  a  sciomyzid  and  a 
specimen  of  uncertain  familial  affinity  (Condal  1951,  Teixeira  1954, 
Whalley  and  Jarzembowski  1985) .  Some  of  these  specimens  contain 
mouthhooks  and,  occasionally,  details  of  the  cephalopharyngeal  appara¬ 
tus.  In  slightly  younger  Lower  Cretaceous  strata  of  Australia  [53],  an 
indistinct  brachyceran  larva  has  been  reported  (Jell  and  Duncan  1986) . 
Additionally,  this  deposit,  together  with  material  from  the  earliest 
Cretaceous  Lebanese  amber  [55] ,  has  yielded  the  earliest  fossils  of 
cyclorrhaphan  dipterans  (Hennig  1971,  Jell  and  Duncan  1986),  consisting 
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of  complete  adult  specimens  unassignable  to  recent  families.  Younger, 
Upper  Cretaceous  amber  deposits  from  northwest  France  [45]  (Schlttter 
1975,  1978),  the  Taimyr  Peninsula  of  the  USSR  [37]  (Zherikin  and 
Sukachaeva  1973,  Negrobov  1978,  Kovalev  1985)  and  Cedar  Lake  in  Canada 
[35]  (McAlpine  and  Martin  1966,  1969;  McAlpine  1970,  1973)  have  provided 
ample  evidence  for  a  diversification  of  cyclorrhaphan  taxa,  most  of 
which  were  associated  with  anthophilous  habits  probably  associated  with 
the  emergence  of  flowering  plants  (Willemstein  1987) .  This  radiation  of 
cyclorrhaphan  dipterans  is  essentially  complete  by  Baltic  amber  times 
[19],  as  evidenced  by  the  occurrence  in  Baltic  amber  of  most  of  the 
derived  modern  acalyptrate  schizophorans  and  nonparasitic  calyptrates 
(Hennig  1965,  Larsson  1978). 

Previous  Designations .  Mouthhook  mouthparts  have  commonly  been 
referred  to  as  "reduced"  or  "degenerate"  (e.g.  Metcalf  et  al.  1962; 
Chaudonneret  1983) ,  or  they  have  been  recognized  as  a  discrete  mouthpart 
type  with  a  unique,  although  highly  modified,  function  (James  and 
Harwood  1969).  Most  synthetic  studies  of  mouthparts  do  not  make 
reference  to  mouthhook  mouthparts  at  all  (see  Table  6).  In  this  study, 
the  characterization  of  mouthhook  mouthparts  as  "degenerate"  is  reject¬ 
ed.  Although  the  heads  and  mouthparts  of  brachyceran  larvae  are  highly 
reduced  structurally  as  a  consequence  of  a  saprophagic  existence,  they 
nevertheless  possess  a  few  prominent,  structurally  unique  mouthpart 
elements --mandibular  and  occasionally  maxillary  mouthhooks- - that  are  an 
efficient  mechanism  for  obtaining  fluid  food.  This  condition  is 
contrasted  with  the  truely  reduced  mouthparts  of  the  Nontrophic  Class 
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(Sect.  8.10.3),  wherein  extreme  reduction  of  mouthparts  as  well  as 
inability  to  procure  or  process  food  permits  a  degenerate  designation  to 
be  truely  meaningful. 

I  have  appropriated  the  term  mouthhook  to  refer  to  the  conspicuous 
structures  characterizing  the  distinctive  external  nature  of  larval 
brachyceran  mouthparts.  The  term  is  well-established  in  literature  on 
the  Diptera  and  is  an  appropriate  designation  for  this  mouthpart  class . 

Review  of  Literature.  Much  of  the  literature  on  mouthhook 
mouthparts  consists  of  short  descriptions  of  new  species  or  studies  of 
the  life  history  and  feeding  ecology  of  selected  species.  Few  mono¬ 
graphic  accounts  exist.  The  few  notable  exceptions  are  Ludwig's  (1949) 
study  of  Calliphora  erythrocephala  (Meigen) ,  Schremmer's  (1962)  work  on 
Stratiomys  chamaeleon  Linneaus  and  several  other  brachyceran  larvae,  and 
Vaillant  and  Delhom's  (1956)  examination  of  the  stratiomyiids  Odontomyia 
limbata  Meigen,  Oxycera  torrent ium  Vaillant  and  Chloromyia  formosa 
Scopoli.  Recent  accounts  of  mouthpart  morphology  and  ecology  of 
dipteran  larvae  inhabiting  special  habitats  include  Teskey's  (1976) 
description  of  larvae  frequenting  decaying  North  American  trees  and 
Smith's  (1986b)  description  of  larvae  occurring  in  carrion  of  northern 
Europe  and  Great  Britain.  Compendia  of  mouthpart  structures  are 
Peterson's  (1951)  somewhat  dated  catalog  of  North  American  dipteran 
larvae  and  the  excellent,  three -volumed  Manual  of  Nearctic  Diptra  edited 
by  McAlpine,  et  al.  (1981,  1987). 

Numerous  shorter  accounts  of  head  and  mouthpart  structure  of 
brachyceran  larvae  is  the  source  for  most  of  my  data.  For 
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orthorrhaphans ,  Teskey  (1970)  described  the  pelecorhynchid  Glutops  rossi 
Pechuman;  Greene  (1926)  presented  accounts  of  several  species  of 
tabanoids,  particularly  stratiomyiids ;  Crouzel  and  Salavin  (1943) 
studied  the  nemestrinid  Neorhynchocephalus  sulphureus  (Wiedemann) ; 

Fuller  (1938)  examined  the  bombyliid  Cyrtomorpha  flaviscutellaris 
Roberts;  and  Wirth  (1952)  gave  a  description  of  the  dolichopodid 
Systenus  apicalis  Wirth.  As  for  the  head  capsule  and  mouthpart  morphol¬ 
ogy  of  aschizan  cyclorrhaphans ,  a  description  of  the  sciadocerid 
Sciadocera  rufomaculata  White  was  provided  by  Fuller  (1934).  Acalyp- 
trate  schizophoran  cyclorrhaphans  were  the  most  diverse  group  of 
brachycerans  described  and  included  Greene's  (1929)  description  of 
several  tephritid  larvae;  Valley,  Novak  and  Foote's  (1969)  account  of 
the  otitid  Eumetopiella  rufipes  (Macquart)  and  Allen  and  Foote's  (1967) 
description  of  four  otitid  species;  Tate's  (1954)  study  of  the  piophilid 
Neottiophilum  praestum  (Meigen) ;  McAlpine's  (1966)  description  of  the 
cypselosomatid,  Cypselosoma  australis  McAlpine;  Foote's  (1970)  examina¬ 
tion  of  the  tanypezid  Tanypeza  longimana  Fallen;  Sluss  and  Foote's 
(1971)  similar  examination  of  the  chamaemyiid  Leucopis  verticalis 
Malloch;  a  series  of  articles  by  Thomas  (1933,  1934,  1938)  on  three 
grain- infesting  opomyzids;  Shewell's  (1960)  description  of  the  odiniid 
Neoalticomerus  seamans i  Shewell;  Lobanov's,  (1970)  description  of  the 
heleomyzid  Heleomyza  serrata  Linneaus;  and  Hennig's  (1935)  initial 
description  of  the  michilid  Leptometopa  sp.  Finally,  studies  of 
calyptrate  schizophoran  cyclorrhaphans ,  synonymous  with  the  Superfamily 
Muscoidea,  include  Roberts'  (1971)  functional -morphological  account  of 
the  calliphorid  Calliphora  vomitoria  (Linneaus)  and  the  predaceous 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


454 


muscid  Limnophora  rlparia  Falldn;  and  Cameron's  (1932)  account  of  the 
oestrid  Cephenomyia  auribus  Meigen,  commonly  known  as  the  nasal  botfly. 

8.5.  Labellate  Series 

8.5.1.  General  Features 
of  the  Labellate  Series 

General  Structure.  The  Labellate  Series  comprises  a  taxonomically 
diverse  assemblage  characterized  by  a  protruding,  fleshy,  sponging  or 
rasping  organ  used  for  food  acquisition.  Associated  with  this  organ  is 
a  dorsoventrally-prolonged  head  that  bears  hypognathous  mouthparts . 

Sense  organs  are  conspicuous  and  well -developed:  eyes  are  large  and 
hemispherical  and  ocelli  are  three  in  number,  rarely  wanting.  Mandibles 
are  absent  or  vestigial.  The  labrum  and  epipharyngeal  surface  forms  a 
dorsal  roof  over  the  sponging  organ,  forming  a  food  canal  for  transport¬ 
ing  food  cephalad  to  the  mouth. 

Although  the  sponging  or  rasping  organ  for  various  taxonomic 
groups  is  termed  a  hypopharynx,  "haustellum, "  labellum,  proboscis,  or 
haustorium  (the  latter  proposed  herein  for  trichopterans) ,  it  is  the  key 
feature  of  the  Labellate  Series.  This  fleshy,  hypognathous  organ  is 
derived  from  the  hypopharynx,  the  palpal  region  of  the  labium,  or 
elements  from  both,  to  form  a  composite  structure.  The  food  contacting 
surface  of  this  organ  bears  pseudotracheae  that,  by  capillary  flow, 
passively  absorbs  surface  fluid  and  fluid- suspended  particles  and  is 
supplemented  by  a  pharyngeal  or  clypeal  (cibarial)  pump  at  the  organ 
base  for  active  transport  of  food  orally.  In  some  forms,  modification 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


455 


of  pseudotracheal  denticles  into  short,  aciculate  structures  for  rasping 
skin  or  cuticle  has  supplanted  surface  sponging  of  fluids. 

Included  Classes .  The  Labellate  Series  comprises  the  Haustoriate 
and  Labellate  Mouthpart  Classes.  (See  Table  5  for  taxonomic  membership, 
life-stages  and  number  of  taxa  examined  for  each  mouthpart  class.) 

Diversity  and  Other  Distributional  Patterns.  The  Labellate  Mouth¬ 
part  Series  constitutes  adult  holometabolous  forms  that  fluid- feed  by 
sponging  and  rasping  surface  tissue.  Although  orthopteran  gryllids 
(crickets)  bear  a  fleshy  hypopharynx  convergent  with  the  haustorium  of 
trichopterans  (Rietschel  1953) ,  they  are  excluded  from  the  Labellate 
Series,  and  are  a  subcluster  of  the  adult- ectognathate  mouthpart  class 
(Section  8.3.4,  Fig.  36d) .  This  series  has  achieved  a  moderate  diversi¬ 
ty  when  compared  to  other  mouthpart  classes.  Although  members  of  the 
Siphonate  and  Glossate  Series  are  also  surface  fluid- feeders ,  the 
Labellate  Series  includes  a  more  catholic  variety  of  diets .  Their 
dietary  repertoir  includes  surface  exudates  of  all  kinds- -honey dew 
(Downes  and  Dahlem  1987) ,  deliquescing  fungal  sporocarps  (Kukor  and 
Martin  1987),  perspiration  (Huckett  and  Vockeroth  1987),  fruit  sap 
(Wheeler  1987),  fluidized  carrion  (Smith  1986a,  Braack  1987),  dung 
(Kevan  and  Baker  1983)  and  blood  (O'Meara  1987),  as  well  as  the  nectar 
and  pollen  that  typifies  the  diets  of  siphonates  and  glossates .  Members 
of  the  Labellate  Class ,  consisting  of  nannochoristan  mecopterans  and 
brachycerous  dipterans,  are  important  pollinators  in  temperate  and 
tropical  ecosystems  (Armstrong  1979,  Yumoto  1987,  Stork  1987).  All 
three  classes,  however,  partake  of  nutritive  fluid  foods  occurring 
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either  at  the  surface  or  subdermally  in  substrates  that  are  accessible 
by  a  sponging  or  rasping  organ. 

As  members  of  the  Labellate  Class,  brachycerous  dipterans, 
constitute  a  very  diverse  suite  of  anthophilous  pollinators.  Labellates 
are  dominanant  participants  in  a  characteristic  type  of  pollination  that 
consists  of  two  major  themes  (Faegri  and  van  der  Pijl  1980).  First  is 
the  "small  fly  blossom  syndrome,"  comprising  flowers  with  shallow, 
radially- symmetrical ,  small  corollas  with  exposed  sexual  organs  (Crepet 
1979,  Kevan  and  Baker  1984).  Secondly,  the  "sapromyophilous  syndrome" 
is  characterized  by  deep,  radially- symmetrical  flowers,  often  with 
deeply  hidden  sexual  organs .  Sapromyophilous  flowers  often  are  the 
color  of  decaying  flesh  and  release  volatile  scents  mimicing  the  odor  of 
carrion  (Kevan  and  Baker  1984) .  Haustoriates  do  not  appear  to  be 
particularly  involved  in  these  pollination  syndromes ,  although  they 
probably  are  unrecognized  nectar -feeders  (Porsch  1958) . 

Major  Structural  Variations.  Two  major  directions  characterize 
mouthpart  development  within  the  Labellate  Series.  One  is  simple 
expansion  of  a  hypopharynx  into  a  large,  fleshy  organ  for  sponging, 
replete  with  dermal  pseudotracheae  for  the  increased  surface  area 
necessary  for  capillary  flow.  This  tack  also  has  been  taken  by  adult 
trichopterans .  A  second  approach,  taken  by  nannochoristan  mecopterans 
and  brachycerous  dipterans,  is  conversion  of  two-segmented  labial  palpi 
into  an  prominent  fleshy,  sponging  organ.  This  has  been  done  by 
expanding  the  dermal  surface  area  of  the  palp  terminus,  shortening 
palpal  length,  and  mesial  fusion  of  the  palps.  Additionally,  dipterans 
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possess  a  lever-based  protraction/retraction  system  for  movement  of  the 
proboscis  cephalad  when  not  in  use. 

Geochronologic  Range.  The  Haustoriate  Class  may  be  represented  in 
Lower  Permian  sediments  of  Kansas  [90] ,  based  on  the  earliest  appearance 
of  the  Order  Trichoptera  (Carpenter  and  Burnham  1985) .  This  assumes 
that  the  extinct  suborder  Permotrichoptera  (Sukacheva  1976)  possessed 
wing- related  synapomorphies  with  the  Diptera  and  not  the  Trichoptera 
(Hennig  1981)  and  lacked  a  haustoriate  hypo pharynx.  Wong  (1983)  has 
assigned  Middle  Jurassic  specimens  from  China  [64]  to  the  extant 
trichopteran  suborder,  Annulipalpia.  These  Jurassic  fossils  provide 
clear  evidence  for  the  existence  of  the  Labellate  Series  minimally  by 
Middle  Jurassic  time.  Finally,  in  an  Lower  Cretaceous,  preangiospermous 
insect  fauna  from  Australia  [53]  ,  Jell  and  Duncan  (1986)  have  referred  a 
larval  case  and  pupae  to  two  recent  trichopteran  families .  This 
strongly  indicates  presence  of  the  Labellate  Series  before  the  advent  of 
angiosperms  as  dominant  floral  elements .  Members  of  the  Labellate  Class 
can  be  traced  to  the  Lower  Jurassic  (Rohdendorf  1974,  Krzeminski  and 
Kovalev  1988),  based  on  tipulid  wing  fossils  and  by  indirect  association 
with  extant  confamilial  members  that  bear  fleshy  labellae. 

8.5.2.  Haustoriate  Class 
(Class  16) 

Description.  Head  squarose  to  sometimes  dorsoventrally  prolonged; 
proboscate;  nonretractile .  Cephalic  capsule  with  distinct  or  indistinct 
frons,  sometimes  fused  to  clypeus.  Genae  prominent;  gula  moderately 
developed  to  absent.  Antennae  setaceous  or  filiform;  ocelli  3  or 
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absent;  compound  eyes  prominent,  dichoptic.  Mouthparts  labellate; 
hypognathous ;  symmetrical;  retractile.  Food  pump  clypeal  and  pharyn¬ 
geal. 

Clypeus  quadrate  and  fused  to  frons .  Labrum  vertically  elongate 
to  quadrate;  undivided;  margin  straight/curvilinear  or  acute.  Hypo- 
pharynx  a  conspicuous,  labellate  structure,  often  multilobate,  bearing  a 
network  of  numerous,  impressed  pseudotracheae  and  salivary  orfice  on 
distal  surface;  epipharynx  sulcate,  bordered  by  setae.  Mandibles 
quadrangular  or  vestigial  lobes;  musculation  not  evident.  Maxillary 
main-body  of  2  sclerites;  stipes  equant;  bearing  galeae  and  palpi, 
rarely  a  lacinia.  Maxillary  palpus  filiform;  4-  or  5-segmented,  rarely 
1-  or  3 -segmented;  long.  Galea  Ungulate;  lacinia  generally  absent,  or 
a  pectinate  comb .  Labium  with  elongate  main-body  of  2  or  3  sclerites ; 
generally  bearing  labial  palps,  infrequently  a  ligula.  Labial  palps 
filiform;  3 -segmented;  long.  Glossae  mucronate  or  absent;  paraglossae 
absent,  or  Ungulate  if  present. 

Key  Phenocharacters .  The  most  unique  feature  of  haustoriate 
mouthparts  is  presence  of  a  pronounced,  retractile,  pseudotracheate 
hypopharynx  that  is  functionally  analogous  but  anatomically  different 
from  the  labellum  of  labellate  mouthparts  (Sect.  8.6.2).  The  haustorium 
in  trichopterans  is  quite  similar  in  placement,  gross  surface  structure 
and  overall  shape  to  the  dipteran  labellum.  Although  the  haustoriate 
head  shares  hypognathous  mouthparts  with  labellates ,  it  is  different  in 
suture  location,  ocellar  placement,  frons  shape  and  antennal  structure. 
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Diversity  and  Natural  History.  The  haustoriate  mouthpart  class 
consists  of  trichopterans  (caddisflies) .  Trichopterans  sponge  their 
food  by  capillary  action  of  pseudotracheae  on  prominent,  fleshy  hypopha- 
rynges  (Crichton  1957),  and  imbibe  fluid  food  directly.  Although 
widespread  consumption  of  food  by  adult  trichopterans  is  a  debatable 
issue,  as  discussed  below,  they  are  a  moderately  diverse  clade  in  the 
modern  fauna.  Haustoriates  constitute  39  families,  650  genera  and  about 
6,500  species  (Appendix  D) ,  which  translates  to  a  rank-order  of  18  out 
of  34  mouthpart  classes  (Table  5,  Fig.  131).  Compared  to  other  mouth- 
part  classes,  haustoriates  are  an  ecologically  minor  group. 

Adult  trichopterans  are  winged  but  poor  flyers ,  live  only  a  few 
weeks  and  are  associated  with  plants  above  ground  level.  Although  the 
adults  are  commonly  considered  nonfeeders  (Richards  and  Davies  1977 , 
Milne  and  Milne  1980) ,  anecdotal  evidence  indicates  that  many  are  active 
fluid  feeders,  imbibing  nectar  and  water  (Fig.  77).  Adult  trichopterans 
are  implicated  as  minor  pollinators  of  plants  because  of  their  affinity 
for  nectar  (Proctor  and  Yeo  1973)  and  have  been  observed  to  feed  on 
European  plants  as  diverse  as  Hedera  (ivy) ,  Valeriana  (valerian) ,  Nuphar 
(yellow  waterlily) ,  Spiraea  (spiraea) ,  Gentiana  (gentian) ,  Ranunculus 
(buttercup)  and  Listera  (twayblade)  (Dfihler  1915,  Crichton  1957,  Porsch 
1958).  Also,  adult  trichopterans  readily  take  up  sugar  solutions  in 
laboratory  observations  (Crichton  1957) ,  indicating  an  ability  to  feed 
on  floral  or  extrafloral  nectaries.  These  observations,  in  conjunction 
with  the  relatively  elongate,  highly  developed  proboscides  of  some  forms 
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INCLUDED  TAXA: 
Trichoptera 


b  N=30 
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C  SPONGING 


FIGURE  77.  Overview  of  the  Haustoriate  Mouthpart  Class,  a,  Phryganea 
striata  Linneaus  (Trichoptera:  Phryganeidae ,  data-set  no.  1050), 
after  Crichton  (1957) ;  b,  taxonomic  distribution,  number  of  taxa 
examined  and  geochronologic  range;  c,  functional -feeding- groups ;  d, 
dietary  spectrum. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


461 


(Cummings  1914a) ,  indicates  that  trichopterans  represent  significant  but 
not  dominant  agents  of  pollination  in  some  ecosystems . 

Structural  Themes.  Haustoriate  mouthparts  are  characterized  by 
five  major  patterns  of  subclustering,  or  themes  (Fig.  78).  The  general 
pattern  of  haustoriate  subclustering  consists  of:  (i)  a  large  subclus¬ 
ter  of  21  taxa  representing  17  families  from  all  three  superfamilies  of 
trichopterans,  (ii)  a  smaller,  secondary  subcluster  of  a  rhyacophiloid 
and  five  limnephiloid  families  and  (iii)  three  monotaxic  subclusters  of 
structurally  aberrant  forms.  Sixteen  characters  from  seven  of  the  nine 
head-  and  mouthpart  regions  (Appendix  A)  have  character -state  distribu¬ 
tions  on  haustoriate  taxa  that  resulted  in  the  subclustering  patterns . 
General  head  and  labial  characters  are  richly  represented. 

Subcluster  1  (bracketed  by  data-set  nos.  1029  to  1073  in  Fig.  78) 
constitutes  the  foundation  of  haustoriate  mouthparts  since  it  contains 
members  from  all  of  the  three  superfamilies  and  almost  half  of  the 
families  of  the  order.  The  unity  of  this  subcluster  is  evident  from  the 
high  degree  of  chaining  and  relative  paucity  of  hierarchical  branching. 
Taxa  of  Subcluster  1  are  typical  trichopterans  with  a  fleshy,  often 
pseudotracheate  haustorium.  Subcluster  2  (data-set  nos.  1032  to  1083) 
is  a  motley  assemblage  of  dominately  Oceanian  forms  with  several 
differences  in  mouthpart  structure,  especially  maxillary  elements,  that 
are  sufficiently  pronounced  for  exclusion  from  Subcluster  1.  The  three 
remaining  monotaxic  subclusters  are  the  plectrotarsid  PlecCrotarsus 
gravenhorscli  (Subcluster  3,  1068),  the  dipseudopsid  Dipseudopsis 
africana  (Subcluster  4,  1045)  and  the  stenopsychid  Pseudostenopsyche 
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FIGURE  78.  Cluster  analysis  dendrogram  of  taxa  comprising  the 

Haustoriate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes. 
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sugens  (Subcluster  5,  1039).  These  three  taxa  exhibit  pronounced 
peculiarities  of  certain  mouthpart  elements,  particularly  the  elongate 
ventral  expansion  of  the  haustellum  and  prolongation  of  the  galeae  into 
a  lepidopteran-type  proboscis  (see  Crichton,  1957). 

Geochronologic  History.  Trichop ter an  wing  venation  lacks  synapo- 
morphies  that  distinguish  it  from  its  sister-group,  Lepidoptera  (Hennig 
1981,  Kristensen  1984b)  and  thus  the  geochronologic  history  of  hausto- 
riate  mouthparts  is  difficult  to  ascertain.  While  all  modern  tricho- 
pterans  possess  a  large,  fleshy,  pseudotracheate  hypopharynx ,  it  is  not 
clear  whether  the  immediate  ancestors  of  the  trichopterans ,  the  stem- 
group  Amphiesmenoptera  (=Trichoptera  +  Lepidoptera),  bore  the  hausto- 
riate  mouthparts  of  trichopterans,  the  mandibulate  mouthparts  of 
zeuglopteran  lepidopterans ,  or  the  probable  rostrate  mouthparts  of 
ancestral  mecopterans.  Cladistic  analyses  of  the  five  related  meco- 
pteroid  orders  indicates  that  the  Mecoptera  +  (Diptera  +  Siphonaptera) 
forms  the  sister-group  clade  to  the  Trichoptera  +  Lepidoptera  clade 
(Hennig  1981,  Kristensen  1981).  The  earliest  Trichopteran  fossil  is  the 
Lower  Triassic  form  Prophilopotamus  asiaticus  Sukacheva  from  central 
Asia  [82]  (Fig.  79),  which  was  assigned  to  the  recent  family  Philopota- 
midae  (Sukacheva  1973).  Members  of  the  Prorhyacophilidae ,  ancestral  to 
the  modern  plesiomorphic  family  Rhyacophilidae  (Sukacheva  1978,  Shields 
1988),  are  found  in  Upper  Triassic  strata  of  Australia  [79].  During  the 
Jurassic,  diverse  trace-fossils  of  caddisfly  cases,  resembling  the 
constructional  configurations  of  modern  forms ,  have  been  amply  document¬ 
ed  (Sukacheva  1978).  Notably,  by  Early  Jurassic  times,  the  first 
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FIGURE  79.  Geochronologic  history  of  the  Haustoriate  Mouthpart  Class 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Ross  (1967),  Suka¬ 
cheva  (1982)  and  Botosaneanu  and  Wichard  (1983).  The  level  of  taxo 
nomic  analysis  is  the  family:  some  families  without  fossil  repre¬ 
sentatives  are  omitted.  The  outgroup  is  Lepidoptera.  These  fossil 
occurrences  are  not  a  complete  inventory  of  all  documented  fossil 
members  of  this  mouthpart  class. 
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demonstrable  lepidopteran  enters  the  fossil  record  [69]  (Whalley  1985), 
indicating  presence  of  the  Lepidoptera  as  a  sister-group.  By  the  Early 
Cretaceous,  several  modern  families  are  documented,  including  the 
Calamoceratidae  and  Leptoceridae  in  Australia  [53],  showing  an  indis¬ 
tinct  head  consistent  with  haustoriate  mouthparts  (Jell  and  Duncan  1986) 
and  phryganeids  in  Transbaikalia  [52]  (Sukacheva  1968).  The  Late 
Cretaceous  includes  the  relatively  apomorphic  Sericosomatidae  from 
Taimyr  amber  of  Siberia  [37]  (Zherikin  and  Sukacheva  1973,  Sukacheva 
1978)  and  an  unnamed  modern  form  from  Canadian  amber  [35]  (McAlpine  and 
Martin  1969) .  Clearly,  trichopterans  originated  by  the  Early  Triassic 
and  represented  a  diversity  of  at  least  several  modern  families  by  the 
close  of  the  era. 

A  difficulty  in  the  above  pattern  is  the  taxonomic  affinity  of 
several  Late  Permian  to  Early  Cretaceous  families  which  have  been 
included  in  the  Trichoptera  by  some  (Martynova  1961,  Sukacheva  1978, 

Hong  1983)  but  are  excluded  from  the  order  by  others  (Hennig  1981) . 

These  families  include  the  Permian  Microptysmatidae ,  the  Triassic 
Cladochoristidae,  the  abundant  and  diverse  Jurassic  to  Cretaceous 
Necrotaulidae  and  the  similarly  aged  Dysoneuridae .  Wing  venation  in 
these  mostly  Mesozoic  families  are  consistent  with  either  a  trichopteran 
or  amphiesmenopteran  affinity  or,  in  the  Permian  group,  a  mecopteran 
affinity  (Hennig  1981) .  Historically  these  families  have  been  assigned 
to  any  of  these  three  orders  or  have  been  accorded  the  separate  ordinal 
status  of  the  Paratrichoptera  (Brues  et  al.  1954).  From  the  few  fossil 
body  impressions  that  are  available  (e.g.  Hong  1983,  fig.  25d) ,  it  is 
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difficult  to  discern  haustoriate  mouthparts .  Tentatively,  these 
families  are  considered  as  possible  but  unproven  haustoriates . 

Previous  Designations.  Haustoriate  mouthparts  rarely  have  been 
recognized  as  a  distinct  type.  During  the  early  1800 's  they  were 
considered  as  part  of  the  high-level  taxon,  "Mandibulata, "  by  Clairville 
(1798-1806)  and  Stephens  (1828).  Trichopterans  were  not  mentioned  in 
the  discussions  of  mouthpart  morphology  by  Metcalf  (1929)  or  James  and 
Harwood  (1969)  (Table  6) .  Smith  (1985) ,  in  a  functionally-based 
classification  of  insect  mouthparts,  included  haustoriate  mouthparts 
together  with  labellate,  glossate  and  siphonate  mouthparts  into  a 
category  he  termed  "feeding  on  free  liquids."  Recently,  Chaudonneret 
(1986)  considered  both  haustoriate  and  siphonate  mouthparts  as  varia¬ 
tions  of  his  mouthpart  structure  theme,  " pi&eces  buccales  lecheuses ." 

Clarification  of  the  term  haustoriate  to  refer  to  this  mouthpart 
class  is  important.  Traditionally,  the  fleshy  hypopharyngeal  structure 
of  trichopterans  has  been  designated  as  a  "haustellum"  (Crichton  1957, 
Matsuda  1965,  Denis  and  Bitsch  1973).  However,  the  term  "haustellum" 
also  refers  to  the  labially- derived  structure  ensheathing  mouthpart 
stylets  and  contributing  to  the  formation  of  the  beak  or  mouthcone  in 
hemipteroids  and  the  proboscis  in  dipterans  and  siphonapterans .  To 
eliminate  confusion  involving  two  distinct  uses  of  the  same  term,  I  am 
supressing  usage  of  the  term  "haustellum"  and  substituting  the  new  term 
"haustorium"  to  refer  to  any  fleshy,  pseudo tracheate ,  projecting 
hypopharynx  (see  Section  8.1.4). 
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Review  of  the  Literature.  The  seminal  paper  detailing  mouthpart 
structure  for  adult  trichopterans  is  Crichton's  (1957)  study,  wherein  he 
includes  an  analysis  of  the  hypopharynx  microstructure  and  structural 
head  and  mouthpart  variation  within  commonly  recognized  trichopteran 
families.  Supplementing  Crichton's  extensive  study  is  Klemm's  (1966) 
examination  of  the  structure  and  function  of  Rhyacophila  septentrionis 
MacLachlan.  Publications  detailing  head  and  mouthpart  structure  for 
several  trichopteran  genera  include  Ulmer's  (1905)  brief  review  of  the 
group,  Deoras'  (1943,  1944)  descriptions  of  genera  from  several  Eurasian 
families,  Durand's  (1955)  description  of  species  from  families  occurring 
in  France,  and  Mosely's  (1936)  and  Neiboss'  (1977)  monographs  on  various 
relatively  unknown  Tasmanian  caddisflies.  Incidental  accounts  of 
particular  trichopteran  species,  most  of  them  exotic  forms  not  treated 
by  Crichton  (1957),  include  DOhler  (1915)  for  the  bizarre  stenopsychid 
Pseudostenospyche  sugens  Dtthler ;  Anderson  and  Lawson-Kerr  (1977)  for  the 
unusual  marine  commensal  of  echinoderms ,  the  chathamiid  Philansius 
plebius  Walker;  Riek  (1968b)  for  the  Tasmanian  Tasimia  natasia  Mosely; 
Lucas  (1893)  for  the  limnephilid  Anabolia  furcata  Lucas;  Cummings 
(1914a)  for  the  unique,  elongate  proboscis  of  the  plectrotarsid 
Plectrotarsus  gravenhorstii  Kolenati;  Cummings  (1914b)  for  description 
of  the  unusual  maxillary  palpi  of  the  sericostomatid  Sericostoma 
personation  (Spence) ;  and  Korboot  (1964)  for  the  leptocerid  Triplectides 
volda  (Mosely) . 
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8.5.3.  Labellate  Class 
(Class  17) 

Description.  Head  spheroidal;  retractile;  with  a  long  (rarely 
short)  proboscis.  Genae  and  gula  well  developed,  infrequently  moder¬ 
ately  to  minimally  developed.  Antennae  aristate,  infrequently  setaceous 
or  filiform;  ocelli  3,  rarely  absent;  compound  eyes  expansive,  generally 
dichoptic.  Mouthparts  labellate;  hypognathous ;  symmetrical ;  retractile. 
Food  pump  clypeal  and  pharyngeal. 

Clypeus  quadrate;  fused  to  frons.  Labrum  vertically  elongate, 
rarely  quadrate;  divided  into  2  sclerites  or  undivided;  margin  acute  or 
acuminate.  Pharynx  modest;  hypopharynx  a  chitinized,  bulbous  reservoir 
with  an  apertuate  lobe,  or  rarely  stylate  or  fimbriate;  epipharynx 
membranous  or  rarely  setate.  Mandibles  absent.  Maxillary  main-body  of 
2  sclerites;  stipes  elongate;  bearing  a  lacinia  and  palpus,  occasionally 
bearing  a  palpus  only.  Maxillary  palps  filiform  and  clavate,  often 
penicillate.  Lacinia  palpiform  when  present.  Labial  main-body  equant 
to  elongate,  of  2  segments;  bearing  palps  only.  Labial  palps  2- 
segmented;  conjoined  into  a  fleshy,  distally  expanded  labellum;  distal 
surface  pseudotracheate  and  often  denticulate;  short  to  intermediate  in 
length.  Interregional  co-optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  Several  features  are  restricted  to  the 
labellate  class,  the  most  prominent  of  which  is  the  distinctive, 
prominent  labellum.  The  labellum  is  an  enlargement  of  the  medially 
fused,  labial  palps  that  have  expanded  ventrally  to  form  a  fleshy, 
pseudotracheate,  nondentate  sponging  organ.  The  gula  proper,  mandibles, 
and  labial  palp  analogs  are  absent.  While  the  ocellar  tubercle  with 
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triangularly-positioned  ocelli  is  not  unique,  it  is  only  present  in 
labellostylates  and  possibly  a  few  stylate-haustellate  forms  among  other 
mouthpart  classes.  Although  not  occurring  in  all  members  of  the  class, 
labellates  are  the  only  mouthpart  class  to  have  the  unique,  lever-based, 
retractile  proboscis  that  can  be  collapsed  into  a  ventral  subcranial 
cavity  when  not  in  use. 

Diversity  and  Natural  History.  Labellates  are  one  of  the  domi¬ 
nant,  conspicuous  components  occupying  fluid- feeding  guilds  in  terres¬ 
trial  habitats.  They  comprise  approximately  113  families,  5,670  genera 
and  71,800  species  (Appendix  D)  and  have  a  rank-order  of  7  out  of  34 
mouthpart  classes  (Table  5,  Fig.  131).  They  have  a  specieswise  repre¬ 
sentation  of  10%  in  the  recent  hexapod  fauna.  With  the  exception  of  a 
few  groups  that  abrade  skin,  labellates  are  unable  to  penetrate  biologi¬ 
cal  integuments  and  must  rely  on  exposed  surface  fluids  or  small 
particles  for  food.  Although  fluid  feeding  places  a  limitation  on  the 
consistency  of  ingested  food,  labellates  nevertheless  consume  the  entire 
spectrum  of  fluid  food  types.  They  consume  animal  fluids  (honeydew, 
blood,  serum,  sweat  and  urine),  plant  fluids  (guttated  sap,  resins, 
nectar,  oils),  fungal  fluids  (deliquescing  hymenia,  intracellular 
fluids) ,  fluidized  decomposing  materials  (carrion,  rotting  vegetable 
matter  of  diverse  kinds,  dung)  as  well  as  small -particulate  matter 
(pollen,  spores)  in  the  20  to  40  micron  range  (Fig.  80).  Apparently, 
labellates  are  the  dominant  consumers  of  exposed  surface  fluids  in  most 
terrestrial  habitats,  nectar  excepted  (Willemstein  1987).  Finally, 
since  labellates  consist  almost  entirely  of  dipterans  lacking  stylate 
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mouthparts,  they  comprise  one  of  the  four  major  pollinator  groups  of 
angiosperms.  However,  unlike  siphonate  and  glossate  pollinators, 
labellates  have  modified  their  mouthparts  considerably  and  consequently 
possess  a  wider  anthophilous  and  nonanthophilous  dietary  repertoire  than 
their  fellow  obligate  anthophiles . 

Plant -associated  labellates  comprise  about  70%  of  the  class  and 
are  taxonomically  distributed  unevenly  throughout  the  class.  Within 
this  grouping,  anthophilous  forms  constitute  the  overwhelming  majority 
of  species.  For  example,  among  Australian  dipterans,  51%  of  all  species 
of  anthophilous  (Armstrong  1979),  virtually  all  of  which  are  labellates. 
The  importance  of  labellates  in  angiosperm  pollination  was  recognized  by 
Proctor  and  Yeo  (1973)  and  Faegri  and  van  der  Pijl  (1980),  who  described 
structural  features  of  certain  flower  types  that  were  dominately 
pollinated  by  labellate  flies .  The  two  syndromes  representing  these 
features  are  termed  the  fly  blossom  syndrome ,  or  myiophily,  and  the 
carrion  fly  blossom  syndrome ,  or  sapromyiophily  (Faegri  and  van  der  Pijl 
1980,  Wyatt  1983).  Fly  blossoms  are  characterized  by  radially  symmetri¬ 
cal,  simple,  small  flowers  that  lack  significant  depth  appearance  and 
bear  dull,  light  colors.  Sexual  organs  are  well-exposed,  odor  is  weak, 

O 

and  nectar  is  generally  easily  obtained  by  conspicuous  floral  markings, 
or  nectar-guides  (Baker  and  Hurd  1968,  Faegri  and  van  der  Pijl  1980, 
Willemstein  1987) .  Fly  blossoms  are  a  diverse  suite  of  flowers  of 
mostly  herbaceous  families  with  small,  broad  and  tubular  flowers  that 
includes  genera  such  as  Trifolium  (clover) ,  Saxifraga  (saxifrage) , 
Achillea  (yarrow) ,  Euphorbia  (spurge)  and  Mentha  (mint)  for  the  European 
flora  (Procter  and  Yeo  1973) .  They  are  pollinated  by  a  diverse 
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assemblage  of  mostly  noncalyptrate  flies,  including  Tipulidae  (crane 
flies) ,  Bibionidae  (march  flies) ,  Cecidomyiidae  (gall  midges) ,  Stratio- 
myiidae  (soldier  flies),  Rhagionidae  (snipe  flies),  Bombyliidae  (bee 
flies),  Phoridae  (humpbacked  flies),  Syrphidae  (hover  flies)  and 
Conopidae  (thickheaded  flies)  and  Calliphoridae  (blow  flies)  (Proctor 
and  Yeo  1973) . 

Of  these,  syrphids  and  bombyliids  are  first  and  second,  respec¬ 
tively,  in  order  of  importance  in  many  habitats  (e.g.  Herrera  1988). 
Syrphids  have  been  documented  as  major  pollination  vectors  in  warm- 
temperate  forest,  cool- temperate  forest  and  alpine  communities  in  Japan 
(Yumoto  1986,  1987,  1988),  as  the  dominant  pollinators  of  the  shrub 
Lavandula  (lavender)  in  southern  Spain  (Herrera  1988)  and  are  the  most 
important  labellate  pollinator  group  in  Australia  (Armstrong  1979) . 
Syrphids  are  also  one  of  the  few  labellates  that  consume  large  quanti¬ 
ties  of  pollen  (Holloway  1976) ,  using  salivary  secretions  to  procure  dry 
pollen  grains  by  incorporating  them  into  a  slurry  that  is  ingested 
(Schumacher  and  Hoffman  1982) .  Syrphids  also  exhibit  a  partitioning  of 
food  resources  since  shorter -labellate  syrphids  tend  to  be  pollinivorous 
whereas  longer -labellate  species  were  nectarivorous  (Gilbert  1981) . 
Bombyliids,  like  syrphids,  are  capable  of  hovering  stationary  over  a 
flower  but  are  obligately  nectarivorous  (Barth  1985) .  In  eastern  North 
America,  bombyliids  are  a  very  effective  specialized  pollinator  of 
Hedyotis  (bluets)  and  are  probably  important  pollinators  for  many  other 
common  spring  herbs  (Grimaldi  1988) . 

By  contrast  carrion  fly  blossoms  contain  radial  pollination  units 
that  often  have  great  depth,  are  surrounded  by  various  traps  and 
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appendicular  structures,  and  lack  nectar  (this  and  the  following 
discussion  is  largely  from  Baker  and  Hurd  1968,  Faegri  and  van  der  Pijl 
1980,  Willemstein  1987).  Floral  color  ranges  from  subdued  brown  to 
burnt  red  to  dark  purple  or  even  green,  and  the  floral  surface  often 
appears  mottled  with  a  dull  texture.  Transparent  windows  occur  on 
floral  structures  and  emitted  odors  are  strong,  mimicing  decaying  meat, 
excrement  or  rotting  vegetation.  Carrion  fly  blossoms  attract  Sarco- 
phagidae  (blow  flies),  Scatophagidae  (dung  flies),  Drosophilidae  (pomace 
flies)  and  Mycetophilidae  (fungus  gnats),  among  others.  Typical  carrion 
flowers  include  Symplocarpus  (skunk  cabbage)  ,  Sarra.cen.ia  (pitcher  plant) 
and  Aristolochia  (birthwort) ,  and  reaches  its  greatest  development  in 
Amorphophallus ,  which  produces  an  offensive  stench  from  a  flower  two 
meters  tall  (Jolivet  1986) . 

In  addition  to  the  characterization  of  labellates  by  membership  in 
either  of  the  fly  pollination  syndromes,  labellates  can  be  either 
generalized  or  specialized  pollinators.  For  example,  some  tabanids, 
bombyliids  and  nemestrinids  possess  short  labella  that  feed  on  nectar 
from  a  wide  selection  of  less-specialized  flower  species,  whereas  those 
with  longer  proboscides  (up  to  5cm  long)  feed  on  deep- throated  gullet 
flowers  that  are  also  pollinated  by  siphonates  (Proctor  and  Yeo  1973) . 
Some  labellates  are  highly  specific  with  regard  to  the  plants  they 
pollinate,  such  as  monospecific  labellate  pollinators  of  various 
tropical  orchids. 

Finally,  whereas  most  labellates  are  anthophilous ,  many  others, 
particularly  many  calpytrate  and  some  acalyptrate  muscoids ,  rarely 
frequent  flowers  and  subsist  on  various  decaying  or  fermenting  products. 
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These  substances  include  fluids  produced  by  carrion,  dung  and  rotting 
fruit  which  are  sponged  in  a  similar  manner  as  nectar  on  anthophilous 
forms  (Oldroyd  1964) . 

Little  is  known  of  the  life-history  or  diet  of  the  secretive 
Nannochoristidae .  Their  natural  history  was  not  discussed  in  a  review 
of  mecopteran  feeding  habits  by  Carpenter  (1931).  There  is  a  hint  that, 
like  many  other  mecopterans ,  that  they  may  be  necrovores  (Richards  and 
Davies  1977)  . 

Structural  Themes .  Labellate  mouthparts  are  categorized  into  11 
fundamental  themes,  indicated  by  the  subclustering  patterns  in  Fig.  81. 
Because  of  the  highly  stereotyped  nature  of  the  maxillae  and  labrum  and 
the  absence  of  mandibles ,  the  principal  characters  that  are  primarily 
responsible  for  subcluster  formation  are  those  of  the  sensory  organs, 
general  features  of  the  mouthparts,  labrum  and  pharyngeal  region.  The 
10  characters  accounting  for  most  of  the  subcluster  formation  are 
rostrum/proboscis  development,  antennal  type,  ocellar  number,  mouthpart 
placement  on  the  head  capsule,  mouthpart  basic  type,  food  pump  type , 
labral  subsegmentation,  hypopharynx  type,  labial  palp  type  and  labial 
participation  in  a  multielement  mouthpart  structure  (see  Appendix  A), 
structural  themes . 

The  subclustering  patterns  of  labellate  mouthparts  consists  of  a 
taxonomically  diverse  central  subcluster  that  is  surrounded  by  signif¬ 
icantly  less  structured  subclusters.  Some  of  these  peripheral  sub¬ 
clusters  are  monotaxic  and  include  the  primitive  nematoceran  groups 
Tipuloidea  and  Psychodoidea.  Subcluster  1  (bracketed  in  Fig.  81  by  data 
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LABELLATE  MOUTHPARTS 


FIGURE  81.  Cluster  analysis 
Mouthpart  Class.  See  Fig. 


dendrogram  of  taxa  comprising  the  Labellate 
28  for  relationship  of  this  mouthpart 


class  to  other  mouthpart  classes . 
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set  nos.  856  to  930)  consists  of  apomorphic  nematocerans  (Bibionoidea) , 
brachycerans  (Asiloidea,  Empidoidea)  and  plesiomorphic  cyclorrhaphans 
(Lonchopteroidea,  Phoroidea  and  Syrphoidea) .  This  group  represents  a 
plesiomorphic  labellate  facies  in  which  the  lever-based  labellum 
retraction  mechanism  is  absent  or  poorly  developed.  Subcluster  2 
consists  of  three  taxa  (data-set  nos.  923  to  932)  of  plesiomorphic 
cyclorrhaphans  (Phoroidea  and  Tephritoidea) .  Subcluster  3  contains 
psychodoid  nematocerans  and  five  superfamilies  of  schizophoran  cyclor¬ 
rhaphans  .  By  far  the  most  taxonomically  diverse  assemblage  of  taxa  is 
found  in  Subcluster  4  (957  to  986),  characterized  by  42  cyclorrhaphan 
taxa  from  33  families  of  11  plesiomorphic  to  apomorphic  superfamilies. 
This  central  subcluster  expresses  the  "typical"  labellate  condition  of  a 
dis tally  fleshy,  expanded,  pseudotracheate  labellum  with  a  retraction 
mechanism.  Subcluster  5  is  a  moderately  diverse  group  comprising  a  few 
tipuloid  nematocerans ,  tabanoid  brachycerans  and  syrphid  and  conopoid 
cyclorrhaphans .  However  it  importantly  includes  muscoid  cyclorrhaphans 
that  possess  retractile  pseudotracheate  and  denticulate  labella. 
Subclusters  6  to  11  are  peripheral ,  isolated  groupings ,  each  with  one  to 
at  most  a  few  constituent  taxa.  Subcluster  6  consists  of  the  tipuloid 
taxa  Tipula  reesi  (803)  and  Erioptera  sp.  (798),  whereas  Subcluster  7 
consists  of  the  tipuloid  Trichocera  bimaculata  (793)  and  the  plesio¬ 
morphic  mecopteran  NaimochorLsta  dipteroides  (760) ,  which  has  a  hausto- 
rium  structurally  convergent  with  the  dipteran  labellum.  Subcluster  8 
has  the  unusual  combination  of  plesiomorphic  and  apomorphic  nemato¬ 
cerans-  -the  psychodid  tanyderid  Protoplasa  fitchii  (804)  and  the 
bibionoid  mycetophilid  Mycetophila  divergens  (867) .  Subcluster  9 
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consists  of  the  nematoceran  tanyderid  Tanyderus  forcipatus  (806). 
Subcluster  10  displays  the  co-occurrence  of  five  taxa  of  tipuloid  and 
psychodoid  nematocerans  (807  to  799).  Finally,  the  isolated  Subcluster 
11  accomodates  the  enigmatic  braulid  Braula  coeca  (1028) ,  of  unknown 
systematic  affinity  and  an  iniquiline  inhabitant  of  colonial  bee  nests. 

Geochronologic  History.  The  fossil  history  of  labellates  chroni¬ 
cles  the  rise  of  one  of  the  dominant  insect  groups  that  is  coevolved 
with  vascular  plants.  However,  the  earliest  documented  labellates 
precede  the  first  angiosperms  by  100  million  years,  indicating  that 
preanthophilous  species  consumed  fluid  foods  from  other  sources  (Downes 
and  Dahlem  1987).  Consequently,  much  of  the  work  on  the  intimate 
relationships  between  labellates  and  angiosperm  pollination  (Proctor  and 
Yeo  1973,  Faegri  and  van  der  Pijl  1980  and  references  therein)  are 
inapplicable  to  Triassic,  Jurassic  and  some  Early  Cretaceous  forms. 
Available  data  indicate  that  fleshy,  distally- expanded,  labial  palps, 
with  or  without  pseudotracheae,  but  nevertheless  capable  of  fluid  food 
adsorption  are  plesiomorphous  within  the  Diptera  (Hennig  1981,  but  see 
Downes  1958).  Accordingly,  both  nematoceran  stylate  mouthparts  and  the 
unique  lever-based  labellum  of  the  Brachycera  are  apomorphous.  These 
feeding- related  aspects  of  Mesozoic  dipteran  evolution- -presence  of  a 
fleshy  labium  for  fluid  feeding  and  absence  of  nectar  produced  by 
angiospermous  plants- -has  led  Downes  and  Dahlem  (1987)  to  propose  that 
preanthophilous  dipterans  derived  their  metabolically  essential  energy 
for  flight  from  the  only  major  available  sugar-rich  fluid  available, 
aphid  honeydew. 
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FIGURE  82.  Geochronologic  history  of  the  Labellate  Mouthpart  Class. 

The  continuation  of  this  phylogram  is  on  the  next  page.  See  Appendix 
F  for  taxa,  localities  and  references  corresponding  to  each  fossil 
occurrence.  The  phylogram  is  after  McAlpine  and  Martin  (1966), 

Matile  (1981),  Hennig  (1981),  McAlpine  and  Wood  (1989).  and  Willmann 
(1987).  The  level  of  taxonomic  analysis  is  the  superfamily  for  those 
superfamilies  comprising  only  labellate  taxa  for  the  adult  stage,  or 
the  family  for  those  superfamilies  comprising  labellates  and  other 
mouthpart  classes  for  the  adult  stage.  Nothing  is  known  of  the 
mouthparts  of  the  suborder  Archidiptera.  *Ironomyiid  phoroids  are 
distylate/tetrastylate .  The  outgroup  is  Siphonaptera.  These  fossil 
occurrences  are  not  a  complete  inventory  of  all  documented  fossil 
members  of  this  mouthpart  class. 
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The  earliest  known  fossil  labellates  are  naxmochoristid  meco- 
pterans,  including  Cyclochorista  convexicosta  Martynova  from  the 
Kusnetsk  Basin  of  the  USSR  [97]  (Martynova  1958,  1961)  (Fig.  82). 
Nannochoristids  are  one  of  the  oldest  families  of  insects  and  their 
sister-group,  Diptera  (Kristensen  1981,  Willmann  1989),  includes 
primitively  labellate  taxa  among  tipuloid  and  bibionoid  nematocerans 
(Fig.  82) .  Among  dipterans  there  is  the  tendency  toward  fluid-feeding 
occurred  in  parallel  for  both  the  larval  and  adult  stages .  Much  of  the 
labellate  class  is  taxonomically  congruent  with  the  mouthhook  class 
since  they  are  adult  and  larval  expressions  of  the  same  taxa.  Since 
much  of  the  geochronologic  history  of  the  mouthhook  and  labellate 
mouthpart  classes  occurred  in  tandem  and  the  same  fossil  specimens  can 
be  used  to  affirm  directly  or  indirectly  the  presence  of  either  mouth- 
part  class  at  a  given  time ,  I  have  attempted  to  minimize  overlap  with 
Section  8.4.4. 

Labellates  are  relatively  well  represented  in  Mesozoic  deposits 
when  compared  to  other  insect  groups  and  much  of  their  fossil  presence 
is  based  on  wings,  since  soft-body  preservation  of  poorly  sclerotized 
dipterans  is  uncommon  in  Triassic  to  Lower  Cretaceous  strata.  Although 
the  Lower  Triassic  form  " Pseudodip  Cera  gallica"  Laurentiaux  and  Grau- 
vogel  was  originally  assigned  to  the  Diptera  based  on  wing  venation  and 
presence  of  a  much  reduced  hindwing,  it  subsequently  has  been  assigned 
to  the  Mecoptera  (Rohdendorf  1974)  or  Paratrichoptera  (Hennig  1981) , 
both  of  which  are  stem-groups  in  the  ancestry  of  the  Diptera.  Apparent¬ 
ly  the  earliest  known  dipteran  is  the  Upper  Triassic  tipulid  Architipula 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


484 


radiata  Rohdendorf  from  the  USSR  [73]  which,  in  some  ways,  is  more 
advanced  in  wing  venation  than  many  extant  tipulids  (Hennig  1981) .  If 
Hennig's  assessment  of  the  derived  nature  of  the  wing  venation  of 
Architipula  is  correct,  then  it  is  highly  likely  that  Architipula  also 
bore  labellate  mouthparts .  Architipula  is  herein  considered  the 
earliest  member  of  the  Labellate  Class.  From  the  same  deposit,  Rohden¬ 
dorf  assigned  six  other  forms  to  the  Suborder  Archidiptera,  a  designa¬ 
tion  given  some  support  by  Carpenter  and  Burnham  (1985)  but  rejected  by 
Hennig  (1981) ,  who  does  not  considers  them  as  dipteran. 

Bibionoid  dipterans  are  another  group  of  labellates  that  are 
recorded  from  the  Upper  Triassic  and  are  associated  with  numerous  co¬ 
occurring  stylate-haustellate  dipteran  taxa  (Rohdendorf  1974,  Kalugina 
and  Kovalev  1985).  Forms  such  as  Protobliogaster  rhaetica  Rohdendorf 
probably  belong  to  the  stem  group  of  the  Bibionoidea.  Notably,  some 
bibionoids  such  as  mycetophilids  (fungus  gnats)  are  pollinators  of 
nonangiospermous  plants  (Brecton  and  Ortiz  1985) . 

Orthorrhaphan  brachyceran  dipterans  belonging  to  the  Tabanoidea 
such  as  the  Rhagionidae  (snipe  flies)  are  known  from  the  Lower  Jurassic 
[67]  (Rohdendorf  1974;  Kovalev  1981,  1985)  and  forms  belonging  to  the 
sister-group  of  the  exclusively  labellate  Brachycera  are  present  in  the 
Upper  Triassic  [73]  ,  indicating  the  occurrence  of  plesiomorphous 
brachycerans  among  some  of  the  earliest  known  dipterans  (Hennig  1981) . 
The  earliest  brachyceran,  Palaeohrachyceron  Kovalev  from  the  Early  to 
Middle  Jurassic  of  Transbaikalia,  USSR  [66],  is  assigned  to  the  extant 
family  Rhagionidae  and  bears  a  well -developed  labellate  proboscis 
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(Kovalev  1981,  fig.  1;  1982),  although  it  is  short  and  unlike  the  longer 
proboscides  of  many  Tertiary  forms  (Zaitzev  1981).  However,  nemestri- 
nids  (tanglewing  flies)  described  from  the  Upper  Jurassic  of  the  USSR 
[60]  apparently  bore  long  proboscides  (Rohdendorf  1968),  indicating 
fluid  feeding  of  fluids  in  inaccessible  structures.  During  the  Jurassic, 
orthorrhaphan  groups,  including  stratiomyoids  (Hong  1983),  asiloids 
(Usachev  1968,  Kalugina  and  Kovalev  1985)  and  bombyloids  (Kalugina  and 
Kovalev  1985)  were  locally  abundant. 

During  the  Cretaceous  there  was  a  continued  diversification  of 
orthorrhaphans ,  particularly  bombyliids  (Zaitzev  1981),  and  various  new 
cyclorrhaphan  groups  such  as  platypezids  [55]  (Hennig  1971),  sciomyzids 
[56]  (Whalley  and  Jarzembowski  1985)  and  probable  drosophiloids  [53] 

(Jell  and  Duncan  1986) .  This  expansion  of  labellates  increased  during 
the  Late  Cretaceous  and  is  represented  by  empidids  from  France  [45] 
(Schltlter  1978,  Negrobov  1978)  and  Botswana  [43]  (Waters  1988a, b) , 
syrphids  and  sciadocerids  from  Siberia  [37]  (Zherikin  and  Sukacheva 
1973,  Kovalev  1985),  and  ironomyiids,  chlorpoids  and  calliphorids  from 
Canada  [35]  (McAlpine  and  Martin  1969;  McAlpine  1970,  1973).  The 
apparent  diversification  of  these  nectarivorous ,  pollinivorous  and 
necrovorous  labellates  parallel  the  radiation  of  Late  Cretaceous 
flowering  plants ,  suggesting  that  numerous  coevolving  relationships  were 
being  established.  In  a  survey  of  angiosperm/insect  pollination  during 
the  Late  Cretaceous,  Crepet  and  Friis  (1987)  indicate  that  by  the 
Cenomanian,  fly-pollinated  flowers  with  large  floral  discs  and  probable 
nectaries  (e.g.  Rhamnaceae)  were  present,  followed  later  by  smaller, 
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simpler  unspecialized  flowers  during  the  Turonian  and  Campanian  and,  by 
Maestrichtian  times,  the  appearance  of  zygomorphous  myiophilous  flowers 
(Myrtales)  is  evident.  By  the  Early  Tertiary  there  is  a  diversity  of 
labellate  families  with  proboscides  similar  to  the  recent  fly  fauna 
(Hennig  1965;  Wilson  1978a, b;  Larsson  1978),  as  well  as  the  the  presence 
of  myiophilous  and  sapromyiophilous  flowers  from  several  deposits,  such 
as  the  Middle  Eocene  Claiborne  Formation  of  Tennessee  [25]  (Crepet 
1979a, b).  These  data  indicate  that  labellates  were  a  major  pollinator 
assemblage  in  at  least  some  environments,  much  as  they  are  today. 

Previous  Designations.  The  labellate  mouthpart  condition  has  been 
traditionally  recognized  in  almost  every  study  of  insect  mouthparts 
(Table  6) .  Aristotle  considered  flies  as  having  a  proboscis  adapted  to 
feeding  on  various  fluid  substances.  Fabricius  (1775,  1799)  considered 
the  Diptera  as  having  sucking  mouthparts  with  a  fleshy,  seta-bearing, 
unsegmented  proboscis.  Clairville  (1806),  MacLeay  (1821)  and  Spence 
(1826)  regarded  dipterans  as  part  of  their  formal,  supraordinal  taxon, 
"Haustellata . " 

During  the  modern  era,  Metcalf  (1929)  assigned  dipterans  to  his 
"sponging  type"  within  his  Haustellate  Series,  a  designation  that  was 
repeated  by  Metcalf,  Flint  and  Metcalf  (1962).  James  and  Harwood  (1969) 
considered  the  "dipteran  mouthpart  type"  as  a  distinctive  taxonomic- 
structural  grouping  and  placed  the  house  fly  into  his  fourth  subtype- -a 
placement  that  is  approximately  congruent  with  my  labellate  condition. 

By  contrast,  Ross  et  al.  (1982)  and  Smith  (1985)  focused  on  function  and 
discussed  dipteran  mouthparts  as  "sponging  types"  and  "feeding  on  free 
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liquids"  respectively  (see  Table  6).  In  a  recent  study  Chaudonneret 
(1987)  recognized  the  uniqueness  of  dipteran  mouthparts  under  the 
heading  " 1 ' apparel 1  de  quelques  Diptdres . " 

The  labellum  is  the  most  distinctive  mouthpart  element  of  members 
of  this  mouthpart  class.  Consequently,  I  have  borrowed  the  term 
labellate  to  refer  to  a  mouthpart  class  consisting  of  forms  bearing  a 
sponging  labellum. 

Review  of  Literature.  A  considerable  amount  of  literature  has 
been  devoted  to  description  and  interpretation  of  labellate  mouthparts . 
Since  dipterans  among  all  hexapod  orders  bear  the  greatest  diversity  of 
adult  mouthparts,  synthetic,  comparative  studies  of  representative 
genera  within  the  order  have  provided  major  challenges.  The  most 
commendable  of  these  is  McAlpine  et  al.  (1981,  1987),  whose  two-volume 
compendium,  Manual  of  Nearctic  Diptera,  provides  excellent  verbal  and 
pictorial  descriptions  of  head  and  mouthpart  structure  for  every 
dipteran  family  occurring  in  North  America.  An  earlier  comprehensive 
summary  is  Peterson's  (1916)  detailed  The  Head  Capsule  and  Mouthparts  of 
the  Diptera,  in  which  members  from  53  families  of  Diptera  are  figured. 
Briefer  synthetic  studies  include  Smith  (1890) ,  and  Hu  and  Peng  (1936) , 
Crampton  (1942)  and  Hoyt  (1952). 

Comparative  studies  focusing  on  particular  families  or  groups  of 
families  are  Frey  (1913)  for  the  Mycetophilidae ,  Sciaridae  and  Cecido- 
myiidae;  Frey  (1921)  for  the  Schizophora;  Cregan  (1941)  for  the  Dolicho- 
podidae;  and  Aczel  (1961)  for  the  Neeriidae.  Several  studies  examine 
head  and  mouthpart  structure  in  selected  species .  Notable  in  this 
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regard  is  Rees  and  Ferris'  (1939)  study  of  the  tipulid  Tipula  reesi 
Alexander,  Chassignard  and  Tsacas'  (1974)  examination  of  the  rhagionidis 
Chrysopilus  aura t us  Fabricius  and  Vermileo  vermileo  DeGeer,  Zaitland  and 
Larsen's  (1984)  SEM  study  of  the  mydid  Mydas  clavatus  Drury,  Bletchley's 
(1954)  description  of  the  empidid  Empis  livida  Linneaus,  Frew's  (1923) 
work  on  the  chloropid  Chlorops  taeniopus  Meigen  and  lastly  Bletchley's 
(1955)  treatment  of  the  scatophagid  Scopeuma  stercoraria  (Linneaus) . 

More  numerous  are  short  treatments  of  head  and  mouthpart  structure 
found  in  major  taxonomic  descriptions  of  selected  species.  A  selected 
few  include  Hammond's  (1874)  examination  of  Tipula  sp.;  Williams'  (1933) 
study  of  the  tanyderid  ProCoplasa  fitchi  Osten  Sachen;  Gouin's  (1958) 
description  of  the  stratiomyiid  Chrysochroma  bipunctum  Scopoli; 
McAlpine's  (1967)  description  of  the  monotypic  ironomyid  Ironomyia 
nigromaculata  White;  Aczel's  (1961)  study  of  the  nothybiid  Nothybus 
autumnalis  DeGeer;  Chilcott's  (1966)  monograph  of  the  Fanninae,  empha¬ 
sizing  Fannia  scalaris  Robineau-Desvoidy ;  Suffolk's  (1869)  discussion  of 
the  proboscis  of  Calliphora  vomitoria  Linneaus;  Kim  and  Cook's  (1966) 
description  of  the  sphaerocerid  Sphaerocera  curvipes  Latreille;  and 
Hassanein  and  Abd  El-Salam's  (1962)  treatment  of  the  enigmatic  Braula 
coeca  Nitsch. 

Descriptions  of  the  rare,  adult  nannochoristid  Nannochorista 
dipteroides  Tillyard  are  provided  by  Crampton  (1921a,  1923b,  1942), 
Tillyard  (1935),  Hoyt  (1952)  and  Hepburn  (1969). 
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8.6.  Siphonate  Series 

8.6.1.  General  Features 
of  the  Sipohonate  Series 

General  Structure.  Mouthparts  of  the  Siphonate  Series  bear  a 
prominent,  elongate,  tubular  feeding  organ,  the  siphon.  Associated  with 
the  siphon  is  a  powerful  frontoclypeal  pump  borne  on  a  generally 
transversely  elongated  head.  The  eyes  are  well -developed,  large  and 
frequently  bulging.  The  mandibles  are  almost  always  supressed,  although 
well -developed  in  coleopteran  siphonomandibulates .  The  labrum  ranges 
from  well -developed  to  diminished,  serving  generally  as  a  siphon  brace. 
The  nongaleal  maxillae  and  labium  are  variously  developed  but  always 
hypognathous .  The  lacinia  is  generally  absent,  rarely  serving  as  a 
strygil  for  siphon  grooming. 

The  galeal  siphon  is  the  key  feature  of  the  Siphonate  Series.  It 
consists  of  a  central  food  canal  formed  by  the  conjoining  of  the  right 
and  left  galeae  by  toothed  hooks  and/or  overlapping,  interlocking 
sclerites.  The  siphon  is  a  flexible  structure  ranging  from  a  short, 
truncate  tube  to  a  very  long  proboscis  up  to  25cm  long  (Kevan  and  Baker 
1983).  In  almost  all  siphonates,  the  siphon  is  retractile  by  virue  of 
spiral  recoil  upon  relaxation  of  hemocoel  pressure. 

Included  Classes.  The  Siphonate  Series  comprises  the  Siphonate 
and  Siphomandibulate  Mouthpart  Classes.  (See  Table  5  for  taxal 
membership,  life-stages  and  number  of  taxa  examined  for  each  mouthpart 
class . ) 

Diversity  and  Other  Distributional  Patterns.  The  Siphonate  Series 
is  a  moderately  diverse  mouthpart  type  in  recent  terrestrial  ecosystems , 
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serving  an  important  role  in  the  pollination  of  flowering  plants .  It 
comprises  two  classes  and  originated  independently  at  least  four  times- - 
once  each  in  nonzeuglopteran  lepidopterans ,  dipseudopsid  trichopterans , 
the  meloid  coleopteran  Nemognatha  and  at  least  two  genera  of  rhipiphorid 
coleopterans .  By  virtue  of  the  commonality  of  diet  that  siphonates 
share  with  glossates  and  many  labellates,  siphonates  may  be  in  competi¬ 
tion  with  other  mouthpart  groups  for  the  same  food,  specifically  nectar. 
However,  Baker  and  Baker  (1980)  and  Kevan  and  Baker  (1983)  have  presen¬ 
ted  evidence  suggesting  that  the  above  nectarivorous  groups  partition 
nectar  types  according  to  nutritional  quality,  selecting  nectars  for 
viscosity  and  particular  combinations  of  carbohydrates,  proteins  and 
lipids . 

Siphonates  imbibe  sugar-rich  foods,  predominantly  nectar,  that  is 
occasionally  supplemented  by  protein  in  the  form  of  pollen  (Gilbert 
1972,  Common  1974).  Members  of  this  mouthpart  class  are  major  actors  in 
the  the  pollination  of  flowers  with  a  particular  type  of  floral  struc¬ 
ture  (Faegri  and  van  der  Pijl  1980).  Flowers  pollinated  by  siphonates 
characteristically  bear  deep,  tubular  corollas  with  well-hidden  nectar 
in  tubes  or  spurs  (Wyatt  1983,  Nilsson  et  al.  1987).  Modifications  of 
this  basic  syndrome  exist  for  butterfly-  and  moth-pollinated  flowers. 

The  former  consist  of  flowers  bearing  an  erect  corolla  with  fixed 
anthers  and  a  flat  rim  serving  as  a  landing  platform  for  alighting 
butterflies.  The  latter  differs  by  bearing  a  pendulous  corolla,  often 
with  zygomorphic  anthers ,  and  dissected  petals  permitting  pollination  by 
hovering  moths . 
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Major  Structural  Variations.  The  Siphonate  Series  is  a  morpho¬ 
logically  well- integrated  groundplan  since  all  forms  bear  a  suctorial 
siphon  formed  by  conjoined  galeae.  However,  two  major  mouthpart  themes 
are  expressed,  based  on  the  absence  or  presence  of  chewing  mandibles. 
Functionally  amandibulate  mouthparts  occur  in  the  Siphonate  Class, 
comprising  vitually  all  nonzeuglopteran  lepidopterans  and  dipseudopsid 
trichopterans .  These  forms  feed  entirely  by  siphoning  fluids  or  fluid- 
particle  suspensions. 

The  second  major  theme  is  the  Siphonomandibulate  Class,  charac¬ 
terized  by  the  handling  and  chewing  of  solid  food  as  well  as  siphoning 
of  fluid  food.  Members  of  this  group  are  flower -frequenting  coleopteran 
genera  in  the  Meloidae  and  Rhipiphoridae .  Although  prominent  mandibles 
suggest  cantharophily ,  most  evidence  indicates  that  siphonomandibulates 
are  dominately  nectar -feeders  and  important  pollinators  (Barth  1985) . 

Geochronologic  Range.  Of  all  the  mouthpart  series,  the  Siphonate 
and  Glossate  Series  are  the  most  recently  derived.  The  Siphonate  Class 
appears  to  have  originated  by  Early  Cretaceous  times  and  may  have 
originated  during  the  Jurassic  (Skalsky  1979b,  Whalley  1985).  Whereas 
mandibulate  zeuglopteran  and  zeuglopteran-like  lepidopterans  are  known 
from  Jurassic  and  Cretaceous  shales  (Skalski  1979a, b  [52] ;  Rasnitsyn 
1983,  Whalley  1985  [69])  and  Cretaceous  and  Eocene/Lower  Oligocene 
ambers  (Rebel  1935  [19];  Kdhne  et  al.  1973;  Schltlter  1974  [45];  Skalski 
1976,  1979b;  Whalley  1978,  1986  [55]),  the  earliest  evidence  for 
siphonates  are  possible  nepticulid  and  lyonetid  leafmines  in  the  Upper 
Jurassic  (Kozlov  1988,  Rozefelds  1988)  and  demonstrable  Upper  (but  not 
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uppermost)  body  fossils  from  Cretaceous  Siberian  amber  [37]  (Skalski 
1979b,  Kozlov  1988).  By  Paleogene  times,  siphonates,  including  such 
derived  forms  as  the  Papilionoidea,  were  an  established  faunal  element 
(Shields  1976,  Durden  and  Rose  1978).  Crepet  (1983,  1984)  has  presented 
floral  evidence  for  this  conclusion  based  on  pollination  syndrome 
structures  found  on  inflorescenses  from  Eocene  deposits  of  the  south¬ 
eastern  United  States  [25].  Although  the  evidence  is  fragmentary, 
siphonates  probably  coevolved  with  nectariferous  angiosperms,  although 
there  is  no  reason  to  believe  that  they  could  not  have  been  fluid- 
feeders  during  the  Triassic  or  Jurassic.  (See  Crepet  [1972,  1974]  for 
discussions  of  cycadeoid  pollination  biology.)  The  history  of  the 
Sipohonomandibulate  Class  is  less  clear.  Siphonomandibulates  consist  of 
two  heteromeran  cucujoid  families,  the  Meloidae  and  Rhipiphoridae ,  the 
earliest  record  of  which  is  Upper  Eocene/Lower  Oligocene  Baltic  amber 
[19]  (Crowson  et  al.  1968,  Abdullah  1975).  Their  origin  probably 
occurred  during  the  later  Mesozoic. 

8.6.2.  Siphonate  Class 
(Class  19) 

Description.  Head  spheroidal  or  transversely  elongate,  exserted 
from  thorax;  nonre tractile ;  bearing  a  very  long  to  rarely  long  probos¬ 
cis.  Genae  minimally  to  well  developed;  gula  minimally  to  moderately 
developed,  often  absent.  Antennae  setigerous,  clavate  or  setaceous; 
ocelli  absent,  rarely  2;  compound  eyes  expansive,  dichoptic.  Mouthparts 
siphonate,  hypognathous ,  symmetrical,  retractile.  Food  pump  clypeal  and 
pharyngeal . 
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Clypeus  quadrate  or  transversely  elongate;  a  single  sclerite  or 
fused  to  frons.  Labrum  vertically  elongate,  infrequently  quadrate; 
undivided;  margin  a  pilifer.  Pharyngeal  region  modest;  hypopharynx 
absent,  rarely  a  bulbous  reservoir;  epipharynx  forming  ventral  surface 
of  food  pump ,  or  membranous  or  setate.  Mandibles  absent,  rarely  vesti¬ 
gial.  Maxillary  main-body  of  2  sclerites;  stipes  elongate  to  infre¬ 
quently  quadrate;  bearing  a  galea  and  palpus  only.  Maxillary  palpus 
stubby  or  less  often  brustiate  or  filiform.  Galeae  conjoined  into  a 
double  tubular  siphon;  laciniae  absent.  Labium  with  elongate  to  equant 
main-body  of  1  sclerite;  bearing  labial  palps  only.  Labial  palps 
squamate  or  penicillate;  3 -segmented;  intermediate  to  long  in  length. 
Glossae  and  paraglossae  absent.  Interregional  co-optation  of  mouthpart 
elements  absent. 

Key  Phenocharacters .  The  combination  of  a  well -developed  galeal 
siphon  and  absence  of  mandibles,  hypopharynx,  laciniae,  glossae  and 
paraglossae  is  unique  to  the  Siphonate  Class.  Additionally,  the  cranial 
capsule  lacks  an  epicranial  suture  and  the  anterior  aspect  of  the 
capsule  consists  of  a  flat,  platelike  and  squarose  frontoclypeal 
sclerite.  The  labium  is  frequently  piliferate.  Siphonate  mouthparts 
are  considerably  modified,  particularly  by  the  absence  of  several 
mouthpart  elements  ( vide  supra ) .  Such  a  condition  is  contrasted  with 
siphonomandibulate  mouthparts,  which  possess  virtually  all  of  the  above 
missing  elements  and  bear  prominent,  highly  utilitarian  mandibles  (see 
Section  8.6.3). 
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Diversity  and  Natural  History.  With  the  possible  exception  of 
glossates  (Sect.  8.7.2),  siphonates  are  the  mostly  highly  coevolved 
pollinator  group  among  flowering  plants.  Like  glossates  but  unlike 
labellates,  virtually  all  siphonates  that  feed  are  associated  with 
flowering  plant  nectar  (Fig.  83),  since  their  frequently  long  siphons 
are  used  to  extract  nectar  and  pollen  that  can  not  be  retrieved  by 
pollinators  with  shorter  proboscides  (labellates,  most  glossates, 
haustoriates ,  adult - ectognathates ) .  The  siphons  of  siphonates  range 
from  attenuated  structures  used  as  small  sucking  organs  among  some 
dacnonymphans ,  exoporians  and  monotrysans ,  to  extremely  elongate 
"tongues"  in  excess  of  25  cm  used  by  some  ditrysans  that  pollinate 
certain  Malagasy  orchids  (Nilsson  et  al.  1987).  Many  common  ditrysan 
moths  and  butterflies  bear  siphons  with  a  length  around  0.5  to  3.0cm. 
Although  anthophily  is  the  dominant  dietary  theme  of  siphonates,  other 
fluid  foods  are  taken,  including  guttating  sap,  exuding  liquids  from 
fermenting  fruit,  aphid  honeydew,  dung,  urine,  mud/water  suspension, 
fluidized  carrion  and  even  exposed  blood  (Proctor  and  Yeo  1973,  Scott 
1986).  As  in  labellates,  dry  substances  are  also  consumed  by  sipho¬ 
nates,  and  it  is  accomplished  by  ejection  of  fluid  from  the  siphon  or 
abdomen  which  liquifies  the  material  that  is  subsequently  imbibed  (Scott 
1986).  Nevertheless,  nectar  is  the  principal  diet  of  siphonates  and  its 
principal  nutritive  contribution  to  siphonate  metabolism  is  sugar  (Barth 
1985).  Nectar  is  generally  about  20%  by  volume  in  most  species  of 
angiosperms,  although  a  range  from  9.3  to  49.5  %  has  been  shown  for  a 
broad  sampling  of  North  American  flowers  (Cruden  et  al.  1983).  Nectars 
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FIGURE  83.  Overview  of  the  Siphonate  Mouthpart  Class,  a,  Saiminoidea 
exitosa  Fabricius  (Lepidoptera:  Sesiidae,  data-set  no.  1144);  b, 
taxonomic  distribution  and  number  of  taxa  examined;  c,  functional - 
feeding- groups ;  d,  dietary  spectrum;  e,  geochronologic  range. 
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also  contain  amino  acids  in  varying  but  always  substantially  less 
concentrations  than  sugar  (Baker  and  Baker  1983) .  Because  of  the 
hydrodynamic  forces  exerted  by  the  diameters  of  their  siphons,  sipho- 
nates  prefer  diluter  nectar  solutions  with  sugars  of  lower  molecular 
weight  and  abundant  amino  acids  than  do  glossates  (Scott  1986) .  In 
addition  to  nectar,  other  rewards  have  been  suggested;  Grant  and  Grant 
(1983)  indicate  that  the  presence  of  alkaloids  in  Datura  (Solanaceae) 
constitutes  an  additional  inducement  for  pollination  by  hawkmoths . 

Siphonates  are  a  taxonomically  diverse  and  ecologically  important 
group.  They  comprise  15.5%  of  all  hexapods  and  have  a  diversity  of  134 
families,  14,450  genera  and  about  136,400  species  (Appendix  D) ,  which 
translates  to  a  rank- order  of  four  among  34  mouthpart  classes  (Table  5, 
Fig.  131).  Virtually  all  lepidopterans  are  included  among  siphonates, 
except  for  the  primitively  mandibulate  zeuglopteran  moths  (Kristensen 
1984b) ,  several  plesiomorphic  groups  of  small  moths  lacking  or  bearing  a 
rudimentary  proboscis  (Taylor  1957,  Willemstein  1987)  and  several  genera 
of  sanguinivorous  noctuid  moths  with  piercing  siphons  (B&nziger  1971) . 

Because  of  the  predominance  of  anthophily,  several  categories  of 
pollination  syndromes  based  on  floral  features  have  been  ascertained  for 
siphonates,  similar  to  those  for  labellates  and  glossates.  These 
syndromes  are  phlaenophily ,  or  pollination  by  small  moths  and  hawkmoths 
(sphingids),  and  psychophily  or  pollination  by  butterflies  (Faegri  and 
van  der  Pijl  1980,  Wyatt  1983).  Phlaenophilous  flowers  are  nocturnally 
to  crepuscular ly-blooming,  white  to  pale  green  in  color,  have  a  moder¬ 
ately  strong  and  sweet  scent,  are  actinomorphic  and  positioned  horizon¬ 
tally  or  pendantly  and  produce  concealed  nectar  without  the  benefit  of 
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nectar -guides.  Psychophilous  flowers  bloom  diurnally,  are  bright  red, 
yellow  or  blue  in  color,  produce  a  moderately  sweet  and  strong  scent, 
are  typically  actinomorphic  with  a  deep  and  narrow  tube  or  spur  posi¬ 
tioned  upright  and  produce  concealed  nectar  with  the  benefit  of  nectar 
guides .  There  are  several  structural  and  behavioral  correlates  of  these 
pollination  syndromes .  Phlaenophilous  flowers  are  pollinated  by 
nocturnal  or  crepuscular  moths  that  use  odor  for  attraction  to  the 
flower  and  hover  over  the  flower  as  they  thrust  their  long  siphons  into 
a  deep  corolla  or  spur.  By  contrast,  psychophilous  flowers  are  polli¬ 
nated  mostly  by  diurnal  butterflies  (Papilionoidea)  that  are  attracted 
to  the  flower  by  its  bright  colors  and  alight  on  the  floral  disc  as  they 
use  their  moderately  long  proboscis  to  probe  for  floral  nectar  (Faegri 
and  van  der  Pijl  1980). 

Some  authors  (Wyatt  1983)  consider  sphingophily ,  or  pollination  by 
hawkmoths,  as  a  distinct  pollination  syndrome  from  phlaenophily .  Grant 
(1983),  for  example,  documented  the  prevalence  of  this  pollination  style 
for  temperate  North  America.  Because  of  the  generally  long  siphon  and 
avoidance  of  alighting  by  nocturnal  sphingids ,  many  flowers  have 
developed  extraordinary  long  corollar  tubes  or  spurs  to  accommodate  the 
pollinators  (or  vice  versa) .  This  phenomenon  has  been  dramatically 
revealed  by  recent  studies  by  Nilsson  and  coworkers  (1985,  1987,  1988) 
for  the  Malagasy  orchid  Angraecum  and  its  pollinator,  the  hawkmoth 
Xanthopon.  In  this  system,  nectar  is  produced  at  the  base  of  a  28  to 
32cm  long  spur  of  the  orchid  flower,  such  that  pollination  can  only  be 
effected  if  the  hawkmoth  uses  its  entire  siphon  to  reach  the  nectar  at 
the  spur  bottom  and  thus  causing  contact  of  the  hawkmoth' s  head  with 
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viscid  pollenia  at  the  spur  entrance.  Thus,  if  the  orchid  floral  spur 
was  shorter  or  the  hawkmoth  siphon  was  longer,  pollination  could  not 
occur,  minimizing  reproductive  fitness  of  the  orchid  (Nilsson  et  al. 
1987,  1988). 

Although  many  examples  of  "sphingophily"  and  other  modes  of 
pollination  constitute  highly  coevolved  pollinator/host  plant  associa¬ 
tions  (Ehrlich  and  Raven  1964,  Baker  1986),  evidence  indicates  that  the 
opposite  pattern  is  at  least  prevalent.  Herrera's  (1988)  study  of 
Lavandula  (lavender) ,  a  summer -flowering  shrub  in  southern  Spain,  is  a 
case  in  point.  The  pollinator  fauna  of  the  deep  tubular  flowers  of 
Lavandula  is  taxonomically  diverse  and  variable  in  space  and  time,  with 
siphonates  dominant  near  streams,  glossates  at  dryer  sites  and  long- 
proboscate  labellates  forming  a  substantial  component  at  both  sites. 
However,  Ladvandula  imposes  severe  morphological  restrictions  on 
mouthpart  length  for  successful  pollination  to  occur,  resulting  in  the 
selection  of  a  taxonomically  heterogenous  pollinator  fauna  with  abili¬ 
ties  to  pollinate  the  shrub  sequentially  during  the  long  flowering 
season.  The  effect  of  such  a  prolonged  flowering  season  and  relatively 
ephemeral  pollinator  species  is  to  make  pollinator/flowering  plant 
specificity  impossible. 

Structural  Themes.  Siphonates  are  categorized  into  seven  themes, 
each  which  is  represented  by  a  discrete  subcluster  (Fig.  84) .  Of  these 
subclusters,  Subclusters  4,  5  and  6  form  the  central  core  of  siphonate 
mouthparts.  Separation  of  these  three  central  subclusters  is  principal¬ 
ly  attributed  to  differences  in  hypopharynx  type,  maxillary  appendages 
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SIPHONATE  MOUTHPARTS 


FIGURE  84.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Siphonate 
Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes . 
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and  maxillary  palp  development.  They  are  united  by  the  presence  of  long 
siphons,  a  condition  that  was  documented  anecdotally  by  Taylor  (1957) 
and  Willemstein  (1987)  and  by  prominent,  squamate,  three -segmented 
labial  palps.  The  other  four  subclusters  are  topologically  peripheral 
and  are  less  diverse  (two  are  monotaxic) ;  they  are  differentiated  by 
features  of  the  antennae  and  mandibular,  pharyngeal  and  labial  regions. 
Eleven  characters  provide  most  of  the  separation  for  the  seven  subclus¬ 
ters.  They  are  head  shape,  rostrum/proboscis  development,  frontal/ 
vertical  region  development,  antennal  type,  hypopharyx  type,  epipharynx 
type,  mandible  type,  mandibular  dentition,  type  of  maxillary  appendages, 
maxillary  palp  segmentation  and  aspect  ratio,  and  labial  palp  type. 

Subcluster  1  consists  of  three  families  (Eriocraniidae ,  Neopseus- 
tidae  and  Mnesarcheidae)  of  the  suborder  Dacnonympha  (bracketed  by  data¬ 
set  nos.  1099  to  1102  of  Fig.  84).  These  forms  possess  short  siphons 
and  evident,  often  functioning,  mandibles.  Subclusters  2  (data-set  no. 
1139)  and  3  (data  set  no.  1130)  comprise  respectively  the  families 
Cosmopterygidae  and  Stenomatidae  of  the  superfamily  Gelechioidea.  These 
two  clusters  possess  unique  character- states  for  antennal  type,  hypo- 
pharynx  type,  epipharynx  type  and  maxillary  palp  aspect-ratio.  Subclus¬ 
ter  4  (1134  to  1206)  comprises  the  most  eclectic  assemblage  of  any 
subcluster,  with  members  from  the  suborders  Exoporia,  Monotrysia  and 
Ditrysia  and  includes  12  families  in  nine  superfamilies .  Subcluster  5 
(1207  to  1173)  consists  of  advanced  ditrysan  taxa,  principally  butter¬ 
flies  and  large,  nectarivorous  moths  representing  six  families  from  four 
superfamilies.  The  third  central  subcluster,  Subcluster  6  (1174  to 
1220) ,  consists  of  a  broad  spectrum  of  primitive  to  advanced  ditrysan 
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moths  and  butterflies ,  representing  11  families  from  seven  super¬ 
families.  Lastly,  the  extremely  isolated  Subcluster  7  contains  two 
pyralid  taxa  (1190,  1192). 

Geochronologic  History.  Understanding  of  the  fossil  history  of 
siphonates  has  undergone  dramatic  revision  during  the  last  20  years. 
Recent  discoveries  of  exceptionally-preserved  siphonate  fossils  in 
Jurassic  sediments  and  Cretaceous  ambers  have  altered  the  orthodox  view 
of  lepidopteran  history  from  one  discounting  any  pre-Tertiary  lepidop- 
teran  ancestry  (Ehrlich  and  Raven  1969)  to  one  indicating  that  the 
Leipdoptera  was  present  during  the  Early  Jurassic  and  may  be  as  old  as 
the  Triassic.  It  now  appears  that  lepidopterans  experienced  a  radiation 
of  zeuglopteran  groups  during  the  Jurassic,  followed  by  the  origin  of 
dacnonymphan ,  exoporian,  monotrysan  and  primitive  ditrysan  forms  during 
the  Early  Cretaceous .  This  was  succeeded  soon  thereafter  by  the 
probable  Late  Cretaceous  origin  of  the  Papilionoidea  (butterflies)  (see 
Skalski  1979b,  Wilson  1978a,  Whalley  1986,  Kozlov  1988).  Similar 
changes  in  thinking  have  occurred  among  lepidopteran  systematists ,  with 
recent  discovery  of  various  extant,  primitive  microlepidopteran  groups 
in  South  America  and  the  Southwest  Pacific  (Kristensen  1978,  1984b; 
Kristensen  and  Nielson  1983;  Nielson  1978,  1985,  1987;  Nielson  and 
Scoble  1986) ,  providing  us  with  a  richer  account  of  the  systematic 
relationships  among  extant  primitive  lepidopteran  groups .  Factors 
accounting  for  the  considerable  gap  in  our  knowledge  of  lepidopteran 
systematics  and  fossil  history  have  been  (i)  the  poor  preservational 
potential  of  siphonates  as  fossils  and  the  relatively  recent  discovery 
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of  Cretaceous  amber  deposits  and  (ii)  avoidance  of  capturing  smaller, 
primitive,  often  taxonomically  difficult  Recent  "microlepidoptera"  in 
favor  of  the  more  systematically  tractible  "macrolepidpotera. " 

Several  synapomorphies  are  shared  between  the  Trichoptera  and 
Lepidoptera  (collectively,  the  Amphiesmenoptera) ,  although  most  occur  on 
the  adult  state  (Razowski  1974,  Hennig  1981)  and  virtually  none  on  the 
wings  (Kristenen,  in  Hennig  1981;  Scott  1986).  Recently  it  has  been 
demonstated  that  the  hindwings  of  both  groups  may  be  differentiated  by 
the  presence  of  scales  in  lepidopterans  (Whalley  1986) ,  a  feature  which 
can  be  preserved  on  fossil  specimens.  The  earliest  trichopteran  is  of 
Early  Triassic  age  (see  Section  8.5.2),  indicating  the  lepidopterans 
must  have  had  an  ancestry,  currently  undocumented,  to  the  Early  Trias¬ 
sic.  Although  the  earliest  claimed  lepidopteran  is  Eoses  triassica 
Tindale,  represented  by  a  series  of  wings  (Tindale  1945,  1980)  from  the 
Upper  Triassic  of  Australia  [79]  ,  this  assignment  has  not  been  verified 
by  other  systematists ,  who  maintain  that  Eoses  is  probably  a  mecopteran 
or  an  amphiesmenopteran  (Riek  1955,  Hennig  1981,  Whalley  1986).  The 
controversy  is  based  principally  on  interpretations  of  a  few  connecting 
wing  veins  between  some  of  the  major  longitudinal  wing  veins.  Neverthe¬ 
less  ,  Tindale  has  described  a  second  presumptive  lepidopteran  from  the 
same  deposit,  Eocorona  iani  Tindale,  which  Whalley  (1986)  considers  a 
possible  lepidopteran,  Shields  (1988)  a  trichopteran  and  Skalski  (1984b) 
either  a  mecopteran  or  a  trichopteran.  If  Tindale 's  assignment  is  cor¬ 
rect,  then  the  current  modified  view  of  lepidopteran  ancestry  (Razowski 
1974,  Hennig  1981,  Whalley  1986)  needs  to  be  seriously  re-evaluated. 
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Currently,  the  oldest  reliably  documented  lepidopteran  is  Archaeolepis 
mane  Whalley  from  the  Lower  Jurassic  of  Dorset,  England  [69],  whose 
identity  was  confirmed  by  the  presence  of  undoubtable  lepidopteran 
hindwing  scales  (Whalley  1985).  In  a  recent  discussion,  Shields  (1988) 
claims  that  terrestrial  zeuglopteran  lepidopterans  arose  from  aquatic 
necrotaulid  trichopterans  between  the  Middle  Triassic  ( Eocorona )  and  the 
Early  Jurassic  ( Archaeolepis )  and  rapidly  coevolved  with  primitive 
angiosperm  hosts,  basing  his  argument  on  biogeographical  evidence  of 
primitive  lepidopteran  taxa  and  their  primitive  host  plant  biology  (see 
also  Shields  1976).  (See  Fig.  85  for  a  phylogram  and  fossil  occurrences 
of  the  siphonate  mouthpart  class.) 

Although  Archaeolepis  is  placed  in  a  new  monotypic  family,  the 
Archaeolepidae ,  probably  because  it  consists  only  of  a  wing,  it  is 
impossible  to  align  it  with  any  modern  primitive  lepidopteran  facies .  A 
second,  more  complete,  Jurassic  microlepidopteran  is  Eolepidopteryx 
jurassica  Rasnitsyn  1983  from  the  USSR  [60]  and,  although  it  is  placed 
in  another  monotypic  family  (Rasnitsyn  1983) ,  it  nevertheless  has  many 
features  of  extant  mandibulate  micropterygid  moths  (Shields  1988).  From 
the  Lower  Cretaceous  Baisa  deposits  of  the  USSR  [52] ,  nepticulid  and 
lyonetid  leaf -mines  have  been  described  on  plesiomorphic  angiospermous 
leaves  (Skalski  1979b,  Kozlov  1988).  These  mines  indicate  the  presence 
of  monotrysan  and  primitive  ditrysan  lineages  during  early  angiosperm 
diversification. 

Two  primitive  lepidopterans  or  amphiesmenopterans ,  of  Late  Juras¬ 
sic  and  Early  Cretaceous  ages,  have  recently  been  accorded  subordinal 
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FIGURE  85.  Geochrono logic  history  of  the  Siphonate  Mouthpart  Class. 

See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Razowski  (1974), 
Hennig  (1981),  Kristensen  (1984a)  and  Kobayashi  and  Ando  (1988).  The 
level  of  taxonomic  analysis  is  the  suborder.  The  outgroup  is  Tricho- 
ptera.  These  fossil  occurrences  are  not  necessarily  a  complete 
inventory  of  all  documented  fossil  members  of  this  mouthpart  class.- 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


505 


status  and  may  represent  a  sister-group  to  the  Lepidoptera  (Kozlov 
1988).  Members  of  this  group,  the  Eolepidopterygina,  are  Eolepidopteryx 
jurassica  Rasnitsyn  [60]  (vide  supra)  and  Daiopteryx  rasnitsyni  Skalski 
from  the  Lower  Cretaceous  of  Baisa,  USSR  [52]  (Rasnitsyn  1983,  Skalski 
1984a,  Whalley  1986).  These  mothlike  forms  are  mandibulate  and  contain 
reproductive  structures  unlike  extant  zeuglopterans  (Whalley  1986) . 

From  Cretaceous  ambers  and  sediments  many  recently  discovered 
specimens  document  the  presence  of  several  major  siphonate  lineages. 
Whalley  (1978)  documented  from  Lower  Cretaceous  amber  of  Lebanon  [55] 
the  micropterygid  moth  Parasabatinca  aftimacrai  Whalley.  From  this 
deposit  an  undescribed  homoneuran  moth  is  also  known  (Whalley  1977 , 
Skalski  1979a) ,  the  earliest  body  fossil  indication  of  a  nonzeuglopteran 
lepidopteran,  and  possibly  a  siphonate.  Another  nonzeuglopteran  taxon, 
Undopteryx  sukatshevae  Skalski ,  a  lepidopteran  of  probable  eriocranoid 
affinity  from  the  Lower  Cretaceous  of  Transbaikalia,  USSR  [52]  (Skalski 
1979a,  Kozlov  1988),  indicates  the  presence  of  the  dacnynymphan  lineage. 
From  lowermost  Upper  Cretaceous  amber  of  northwest  France  [45],  Schliiter 
(1975,  1978)  has  documented  micropterygid  scales.  However,  of  all 
Cretaceous  amber  deposits ,  the  Upper  Cretaceous  Taimyr  amber  locality  of 
Siberia  [37]  has  proven  the  most  productive  (Zherikin  and  Sukacheva 
1973,  Skalski  1979b).  From  this  deposit  an  unidentified  caterpillar,  a 
probable  lophocoronid,  and  an  incurvariid  have  been  recovered  (Skalski 
1979b,  Whalley  1986,  Kozlov  1988).  Finally,  from  the  uppermost  Creta¬ 
ceous  amber  of  Cedar  Lake,  Canada  [35] ,  a  probable  tineid  larva  and  an 
undescribed  heteroneuran  adult  (MacKay  1970,  Skalski  1979a)  has  been 
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documented.  These  discoveries  of  body  fossils  and  leaf-mines  provide 
direct  and  indirect  evidence  for  the  presence  of  zeuglopterans ,  dacno- 
nymphans,  exporians  and  monotrysans  during  the  Early  Cretaceous  and  the 
presence  of  ditrysans  during  the  Late  Cretaceous . 

Indirect  evidence  from  Late  Cretaceous  Turonian- Campanian  floras 
indicate  that  synpetalous  and  syncarpous  zingiberaceous  flowers  with 
united  styles  were  present,  contributing  evidence  for  the  presence  of 
specialized  pollinators,  including  siphonates  and  glossates  (Friis  1985, 
Crepet  and  Friis  1987) .  Additionally,  a  coevolved  association  between 
the  micropterygid  moth  Sabatinca  and  the  primitive  angiosperm  Zygogynum 
(Winteraeae)  from  New  Caledonia,  both  of  which  have  Early  Cretaceous 
representatives,  indicates  that  the  origin  of  pollination  in  siphonate 
ancestors  may  have  began  with  the  chewing  of  pollen  on  flower  surfaces 
that  were  also  used  as  mating  stations  (Thien  et  al.  1985). 

Although  direct  evidence  for  siphonates  with  elongate  siphons  does 
not  occur  during  the  Cretaceous ,  the  indirect  evidence  of  Paleocene  and 
Eocene  flowers  with  funnelform  and  salverform  corollas  indicates  a  prior 
existence  (Crepet  1979a, b,  1984;  Crepet  and  Friis  1987).  Furthermore, 
the  Middle  Eocene  Green  River  Shale  [23]  documents  the  first  appearance 
of  papilionoid  siphonates  representing  two  families  (Durden  and  Rose 
1978).  Later,  during  Early  Oligocene  times,  the  Florissant  fauna  [15] 
minimally  contained  four  families  of  butterflies  (Wilson  1978b) .  In  the 
approximately  coeval  sediments  of  the  Bembridge  Marls  of  England  [18] , 
Jarzembowski  (1980)  described  a  diverse  fauna  of  siphonates  that 
included  three  families  of  butterflies.  Ironically,  Baltic  amber  [19] 
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lacks  any  papilionoid  siphonates,  probably  because  of  taphonomic  biases, 
although  it  contains  a  diverse  assortment  of  other  siphonates  (Skalski 
1973a-c,  1974a, b,  1976a-c;  Larsson  1978;  Kozlov  1987).  From  the  above 
discussion  and  a  cautious  acceptance  of  Wilson's  (1978b)  analysis  of 
Paleogene  insect  faunas  from  western  North  America,  one  can  conclude 
that  of  the  four  major  holometabolan  anthophilous  mouthpart  groups 
( adult - ectognathates ,  labellates,  siphonates  and  glossates) ,  siphonates 
and  glossates  have  experienced  the  greatest  percentage  increase  in 
familial  diversity  during  the  Paleogene. 

Previous  Designations.  Mouthparts  of  insects  that  are  herein 
termed  siphonate  have  had  a  confusing  nomenclatorial  history.  Fabricius 
(1775,  1799)  considered  lepidopterans  as  a  type  of  insect  with  sucking 
mouthparts  that  he  termed  "Glossata."  Clairville  (1798-1806)  and  MacLeay 
(1821)  placed  trophic  lepidopterans  in  their  formal  taxon,  "Haustel- 
lata."  Their  "haustellate"  nature  was  reaffirmed  by  Metcalf  (1929)  and 
James  and  Harwood  (1969),  who  considered  them  siphoning  haustellates  and 
haustelates  with  lepidopteran  mouthparts,  respectively.  Apparently  the 
term  haustellum  signified  any  structure  used  for  imbibing  liquid  food 
and  not  a  stylet  sheath.  Ross  et  al.  (1982)  later  focused  on  a  func¬ 
tional  attribute  by  classifying  the  lepidopteran  siphon  as  "siphoning 
type"  mouthparts.  Recently,  Chaudonneret  (1986)  discussed  the  structure 
of  the  lepidopteran  proboscis,  which  he  termed,  "la  spiritrompe  des 
palillions ."  Notably,  he  included  both  haustoriate  and  siphonate 
mouthparts  under  a  broader  designation,  "pieces  buccales  lecheuses ," 
indicating  a  similarity  based  more  on  the  form  of  the  food  imbibed 
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rather  than  mouthpart  structure  or  function.  (See  Table  6  for  the 
history  of  nomenclature  of  siphonates . ) 

I  am  using  the  term  siphonate  to  describe  this  mouth  part  class 
because  it  succinctly  summarizes  the  structure  of  the  principal  food¬ 
procuring  organ  shared  by  all  members  of  the  class. 

Review  of  Literature.  For  a  mouthpart  class  as  diverse  and 
important  as  siphonates,  surprising  little  has  been  written  regarding 
mouthpart  structure.  This  is  probably  attributable  to  the  highly 
stereotyped  mouthparts  of  siphonates,  for  which  additional  descriptions 
would  provide  little  additional  insight.  Most  formal  mouthpart  descrip¬ 
tions  concern  the  conspicuous  butterflies  and  larger  moths,  although  the 
work  of  Kristensen  (1968a, c;  1978)  and  Nielsen  (1978,  1987)  have 
reversed  the  trend  by  including  descriptions  of  atypical  mouthpart 
structures  in  several  primitive,  small  moths.  The  seminal  treatment  of 
siphonate  head  and  mouthpart  structure  is  Eastham  and  Eassa  (1955) ,  who 
initially  identified  the  structure  and  function  of  the  siphon  and 
provided  an  account  of  the  frontoclypeal  sucking  pump .  Other  studies 
examining  the  musculation  and  function  of  the  lepidopteran  sucking  pump 
include  the  taxonomically  broad  account  of  Schmitt  (1938) ,  Zaka-ur-Rab 
(1963)  for  the  hypsid  Argina  cribaria  Clerck  and  Fleming  (1968)  for 
several  sphingid  moths. 

There  are  several  studies  of  the  head  and  mouthpart  structure  of 
siphonates.  For  primitive  siphonates,  Kristensen  (1968a, b)  provided  a 
description  of  the  eriocraniid  Eriocrania  haworthi  Bradley,  and  Kristen¬ 
sen  (1968c)  and  gave  accounts  of  the  mnesarchaeid  Mnesarchaea  loxoscia 
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Meyrick  and  the  neopseustiid  Neopseustis  meyricki  Hering.  Vasudeva 
(1956)  and  Srivastava  (1957)  examined  the  palpilionid  butterfly  Papilio 
demoleus  Linneaus,  whereas  Burgess  (1880)  and  Kellogg  (1893)  had 
provided  earlier  accounts  of  the  danaiid  butterfly  Danaus  archippus 
(Fabricius).  Later,  Ehrlich  (1958a)  gave  a  more  complete  description, 
focusing  on  the  musculature  of  Danaus  plexippus  Linneaus.  Lastly, 
several  studies  of  pyralid  head  and  mouthpart  structure  included  Pradhan 
and  Aren  (1941)  for  Scirpophaga  nivella,  Puri  (1957)  for  Chilo  tumido- 
costalis  Hampson,  and  Rouchy  (1964)  for  Haritala  ruralis  (Scopoli). 

More  taxonomically  comprehensive  studies  of  head  and  mouthpart  structure 
include  Miller  (1971)  for  the  Hesperoidea  and  Castniidae,  Ehrlich 
(1958b)  and  Ehrlich  and  Ehrlich  (1962)  for  the  Papilionoidea,  and  Puri 
(1958)  for  the  Pyralidae. 

Taxonomic  descriptions ,  including  monographs ,  were  useful  in 
obtaining  head  and  mouthpart  data  on  rare  taxa  or  common  taxa  not 
described  in  the  formal  mouthpart  literature.  A  partial  listing  of 
these  monographs  include  the  following  descriptions  of  new  mono typic 
taxa:  Common  (1973)  for  the  lophocoronid  Lophocorona  pediasia  Common, 

Mutuura  (1971)  for  the  neopseustid  Archepiolus  schmidi  Mutuura,  and 
Nielson  (1987)  for  the  palaeophatid  Azaleodes  fuscipes  Nielsen.  More 
derived,  "microleoidopteran"  taxa  included  the  oschenheimeriid  Oschen- 
heimeria  vacculella  Roesslerstamm  by  Davis  (1975) ,  the  oecophorid 
Oecophora  bractella  (Linneaus)  by  Clarke  (1941) ,  the  stenomatid  Erio- 
genes  mesogypsa  Meyrick  by  Duckworth  (1973) ,  the  elachistid  Elachista 
madarella  (Clemens)  by  Braun  (1948) ,  and  the  tortricids  Tortrix  loef- 
lingiana  (Linneaus)  and  T.  viridana  Linneaus  by  Silvestri  (1924) . 
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Whalley  (1971)  has  provided  description  of  the  thyridid  Neobansia 
fulginea  Whalley,  and  Michener  (1952)  has  done  likewise  for  the  satur- 
niid  Eacles  imperialis  (Drury) . 

Lastly,  several  taxonomically  eclectic  studies  of  siphonate 
mouthpart  elements  have  provided  valuable  comparative  data.  These 
include  Shortt  (1951)  for  head  capsule  endoskeletization  and  muscula¬ 
ture,  Breitenbach  (1882),  Taylor  (1957)  and  Kristensen  and  Nielson 
(1881)  for  proboscis  structure  and  musculation,  and  Walter  (1885a)  and 
Philpott  (1927)  for  maxillae  structure.  Jordan  (1923)  and  Philpott 
(1925)  have  described  unusual  structures  on  the  head  and  labial  palps  of 
several  siphonates. 

8.6.3.  Siphonomandibulate 
Class  (Class  21) 

Description.  Head  quadrate  or  vertically  prolonged,  nonretrac- 
tile,  with  long  proboscis.  Genal  region  moderately  to  minimally 
developed;  gula  prominent  and  well -developed.  Antennae  variable;  ocelli 
absent;  compound  eyes  moderately  developed,  dichoptic.  Mouthparts 
hypognathous  (rarely  prognathous) . 

Clypeus  single,  quadrate;  labrum  single,  quadrate,  margin  vari¬ 
able.  Hypopharynx  and  epipharynx  variable.  Mandibles  dicondylic; 
falcate  to  tetragonal;  dentition  variable;  musculated  by  adduction/ 
abduction.  Maxillae  with  elongated  stipes,  bearing  galeae,  laciniae  and 
palps.  Maxillary  palpi  4-segmented,  long.  Galeae  or  maxillary  palpi  in. 
most  forms  conjoined  to  form  a  siphon.  Labium  equant,  with  ligula 
(glossae)  and  palps.  Labial  palps  3-segmented,  filliform  to  (rarely) 
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tubular -siphonate.  Interregional  co-optation  of  mouthpart  elements 
absent . 

Key  Phenocharacters .  The  distinctiveness  of  the  Siphonomandibu- 
late  mouthpart  class  is  the  presence  of  an  unique  combination  of 
character- states  which  individually  occur  in  other  mouthpart  classes. 
Siphonomandibulates  have  joint  possession  of  well -developed,  trophic 
mandibles  and  a  galeal  or  palpal  siphon.  Additionally,  siphonomandi¬ 
bulates  possess  the  singular  combination  of  a  long  galeal  or  palpal 
proboscis  plus  typical  coleopteran  features  such  as  absence  of  ocelli 
and  paraglossae,  four-segmented  maxillary  palpi  and  three -segmented 
labial  palpi.  Mouthpart  classes  that  can  be  confused  with  siphono¬ 
mandibulates  include  adult-ectognathate  (Section  8.3.4)  and  siphonate 
(8.6.2),  but  neither  of  these  classes  have  the  combination  of 
character-states  mentioned  above. 

Diversity  and  Natural  History.  Within  insects  there  were  appar¬ 
ently  several  solutions  to  the  imbibation  of  surface  fluids  by  use  of  a 
siphon.  Overwhelmingly  the  most  taxonomically  diverse  clade  that 
underwent  this  major  transformation  in  mouthpart  structure  were  adult 
lepidopterans ,  most  of  which  comprise  the  Siphonate  Class  (see  Section 
8.6.2).  The  remaining  examples  of  siphonate -style  mouthparts  occur 
among  coleopterans  and  include  at  least  three  clades  that  have  inde¬ 
pendently  originated  siphonate  mouthparts  designed  for  the  suction  of 
surface  fluids,  principally  nectar  (Fig.  86).  Five  genera  belonging  to 
three  families  occur  among  these  three  siphonomandibulate  clades,  namely 
the  rhipiphorid  genera  Macrosiagon  and  Bhipiphorus ,  the  nemognathine 
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FIGURE  86.  Overview  of  the  Siphonomandibulate 
Nemognatha  piezata  Fabricius  (Coleoptera:  Me 
679);  b,  taxonomic  distribution,  number  of  t 
chronologic  range;  c,  functional- feeding- gro 
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meloid  genera  Nemognatha  and  Leptopalpus  and  the  sphaeridiine  hydro - 
philid,  Aculomicrus .  These  five,  mostly  flower -frequenting  genera  are 
estimated  to  have  a  species  diversity  of  about  450  (Appendix  D)  and  thus 
represent  a  rank-order  of  32  out  of  34  mouthpart  classes  (Table  5,  Fig. 
131) .  This  absence  of  ecological  importance  is  probably  attributable  to 
competition  from  other  nectarivorous  mouthpart  classes  such  as  sipho- 
nates,  glossates  and  perhaps  adult-ectognathates .  However  siphonomandi- 
bulates  are  a  poorly  understood  group  and  most  of  the  ecological 
documentation  for  this  group  is  for  a  few  common  species  of  Nemognatha; 
Aculomicrus  was  only  recently  described  by  Smetana  in  1975. 

The  proboscis  of  Nemognatha  can  extend  to  1.2cm  (Proctor  and  Yeo 
1973),  reaching  the  length  of  its  body  (Faegri  and  van  der  Pijl  1980). 
The  proboscal  length  of  Leptopalpus  is  similarly  long  and  extends  to  its 
hind  tarsi  (Handschin  1929).  These  and  other  siphonomandibulate 
proboscides  are  unusual  when  compared  to  the  typical  coleopteran  "mess- 
and-soil"  pollination  syndrome,  wherein  pollen  and  nectar  are  consumed 
by  the  use  of  prominent,  slashing  mandibles  and  typical  generalized 
maxillae  and  labia  (Faegri  and  van  der  Pijl  1980).  Nevertheless,  galeal 
elongation  among  anthophilous  forms  is  relatively  common  (Fuchs  1974, 
Grinfel'd  1975)  and  is  associated  with  sequestering  pollen  or  nectar  by 
setal  entrapment  or  capillary  adsorption,  respectively.  Thus  it  seems 
likely  the  the  coleopteran  siphon  originated  from  elongate  galeae 
already  used  for  nectarivory  by  sponging.  Although  there  has  been 
minimal  study  of  the  mechanism  of  fluid  uptake  for  siphonomandibulates , 
Smith  (1898) ,  Packard  (1898)  and  Crowson  (1981)  have  indicated  that  the 
elongate  galeae  in  Nemognatha  are  tubular  in  cross-section,  a  conclusion 
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that  was  previously  doubted  by  Grinfel'd  (1975).  Fuchs  (1974)  document¬ 
ed  the  presence  of  outer  spatulate  setae  on  the  proboscis  of  Nemognatha, 
structures  which  presumably  could  sequester  fluid  food.  It  has  been 
well  established  that  Nemognatha  is  a  nectarivore  (Kugler  1979,  Arnett 
and  Jacques  1981,  Faegri  and  van  der  Pijl  1980).  Leptopalpus  bears  a 
siphon  constructed  from  conjoined  maxillary  palps  that  are  densely 
setate  on  their  mesial  surface  (Handschin  1929) .  The  situation  for  the 
siphons  of  Macrosiagon  and  Bhipiphorus  is  probably  similar,  although 
Rivnay  (1929)  did  not  discuss  galeal  specializations  in  his  extensive 
taxonomic  account  of  North  American  rhipiphorids . 

Smetana  (1975)  described  the  unique  mouthparts  of  Aculomicrus 
pusio  Smetana,  in  which  an  elongate,  bifid  ligula  and  elongate,  labial 
palps  with  setation  on  their  mesial  surface  collectively  form  a  tubular 
labial  funnel  for  siphoning  liquid  food.  The  diet  of  this  small  semi¬ 
terrestrial  hydrophilid  includes  rotting  fruit  and  decomposing  litter 
(Smetana  1975).  The  construction  of  the  siphon  of  A.  pusio  is  different 
than  the  galeal  siphon  of  lepidopterans ,  nemognathine  meloids  and  the 
palpal  siphon  of  rhipiphorids,  and  thus  constitutes  a  third,  distinct 
way  of  co-opting  various  mouthpart  elements  to  form  a  suctorial  siphon. 

Structural  Themes.  Two  major  subclusters,  each  with  a  structural 
theme,  are  recognized  in  Fig.  87.  The  first  theme  consists  of  a 
subcluster  of  four  tenebrionoid  (=heteromeran)  taxa  consisting  of 
rhipiphorids  and  meloids  (entries  653,  655,  677,  679);  the  second  theme 
is  the  structurally  unique  subcluster  of  the  single  hydrophilid  taxon, 
Aculomicrus  pusio  Smetana  (entry  480) .  The  first  subcluster  is 
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SIPHONOMANDIBULATE 

MOUTHPARTS 


FIGURE  87.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Siphono- 
mandibulate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes . 
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characterized  by  the  presence  of  trophic  siphons  consisting  of  maxillary 
elements  of  either  conjoined  galeae  or  conjoined  maxillary  palps.  The 
second  subcluster  consists  of  a  taxon  in  which  labial  elements  partici¬ 
pate  in  the  formation  of  a  trophic  siphon.  These  subcluster-based 
differences  however  are  not  as  significant  when  compared  to  to  subclus¬ 
tering  patterns  in  more  taxonomically  diverse  mouthpart  classes  (cf. 

Fig.  36). 

Geochronologic  History.  Little  is  known  about  the  geochronologic 
history  of  the  S iphonomandibulate  Mouthpart  Class.  Three  major  reasons 
currently  mitigate  against  a  better  understanding  of  the  timing  of 
origin  of  colepteran  siphons  in  these  three  diverse  clades:  (i),  there 
is  a  poor  fossil  record  of  most  terrestrial  anthophilous  beetles;  (ii) , 
the  level  of  analysis  is  at  the  genus  and  not  the  family  or  higher, 
making  taxonomic  resolution  difficult;  and  (iii),  if  there  are  fossil 
genera  other  than  those  that  currently  are  known  to  have  s iphonomandibu¬ 
late  mouthparts ,  they  would  be  difficult  to  detect  in  most  nonamber 
Mesozoic  or  even  Cenozoic  deposits.  Fig.  88  presents  an  inferred 
geochronologic  history  of  siphonomandibulates ,  using  cladistic  relation¬ 
ships  of  extant  groups  and  their  scant  fossil  records.  There  is  a 
modicum  of  evidence  indicating  a  Late  Jurassic  or  Cretaceous  origin  form 
s iphonomandibulate  clades. 

Previous  Designations.  The  term  s iphonomandibulate ,  to  my  knowl¬ 
edge,  has  no  prior  usage  in  the  entomological  literature.  As  a  name  for 
a  mouthpart  class  s iphonomandibulate  refers  to  the  joint  presence  of 
mouthpart  elements  capable  of  chewing  (mandibles)  and  other  elements  for 
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FIGURE  88.  Geochronologic  history  of  the  Siphonomandibulate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Crowson 
(1976,  1981).  The  taxonomic  level  of  analysis  is  the  family  and 
subfamily.  The  outgroup  is  Mordellidae.  These  fossil  occurrences 
are  not  necessarily  a  complete  inventory  of  all  documented  fossil 
members  of  this  mouthpart  class . 
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siphoning  fluid  food  (a  maxillary  or  labial  siphon) .  Thus  the  designa¬ 
tion  appropriately  renders  the  two  most  diagnostic  features  defining 
members  of  this  mouthpart  class.  (See  Table  6  for  a  history  of  nomen¬ 
clature  . ) 

Review  of  Literature.  The  galeal  proboscis  of  Nemognatha  has 
attracted  the  attention  of  morphologists  for  over  a  century.  Galeae  of 
Nemognatha  were  figured  by  Hagen  (1881),  Smith  (1898),  Packard  (1898), 
Crampton  (1923b)  and  Williams  (1938)  among  others,  and  comment  has  been 
provided  by  Grinfel'd  (1975)  in  the  context  of  the  origin  of  beetle 
pollination  of  angiosperms  and  by  Crowson  (1981)  who  mentioned  the 
nemognathine  proboscis  as  a  unique  adaptation  for  nectarivory  by 
beetles.  Both  Stickney  (1923)  and  Grinfel'd  (1975)  have  figured  the 
head  and  associated  mouthparts  of  Nemognatha.  Handschin  (1929)  present¬ 
ed  a  structural  description  and  functional  analysis  of  the  palpal  siphon 
of  Leptopalpus ,  an  interpretation  that  was  reiterated  by  Grinfel'd 
(1975).  The  rhipiphorids  Macrosiagon  and  BhipLphorus  have  been  various¬ 
ly  described  by  Stickney  (1923),  Rivnay  (1929),  Williams  (1938)  and 
Grandi  (1959)  ,  although  none  of  these  authors  adequately  documented 

mouthpart  structure  to  the  degree  that  has  been  provided  for  Nemognatha. 

& 

Fuchs  (1974)  has  presented  a  stimulating  discussion  of  mouthpart 
adaptation  for  pollinivory  and  nectarivory  in  beetles  and  mentions 
Nemognatha  in  passing. 
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8.7.  Glossate  Series 

8.7.1.  General  Features 
of  the  Glossate  Series 

Since  the  membership  of  the  Glossate  Series  consists  of  only  one 
mouthpart  class ,  glossates ,  the  reader  is  referred  to  the  subsequent 
discussion  for  details  such  as  structure,  natural  history,  diversity  and 
geochronologic  range. 

8.7.2.  Glossate  Class 
(Class  21) 

Description.  Head  symmetrical,  quadrate  and  proboscate;  genal 
region  dimunitive,  gula  present.  Eyes  obvious,  lateral,  oval  to 
reniform;  ocelli  three.  Antennae  prominent  and  geniculate.  Food  pump 
cibarial.  Mouthparts  hypognathous  and  protractile;  dominated  by  a 
maxillolabiate  complex,  with  a  prominent  glossa  of  variable  length. 

Clypeus  single,  quadrate  to  transversely  elongate;  labium  single, 
mostly  vertically  elongate.  Hypopharynx  inconspicuous,  usually  lobe¬ 
like;  epipharynx  fleshy.  Mandibles  dicondylic;  falcate  or  excavate; 
incisiform  and  with  a  basal  brush,  or  more  commonly  edentate;  muscula¬ 
tion  characterized  by  adduction/abduction.  Maxilla  complete,  fused  by 
membrane  to  labium,  bearing  two  basal  sclerites  and  usually  elongate 
stipes  with  a  lever-based  protraction/  retraction  mechanism.  Galeae 
amplexiform,  tubular  when  appressed  to  labial  region;  lacinia  variously 
developed.  Maxillary  palps  small,  often  aciculate  or  setate.  Labium 
bearing  a  glossa,  paraglossae  and  palps.  Single  medial  glossa  fleshy, 
ranging  from  short  (rarely  bifid)  "tongue"  to  long,  flabellate,  trans¬ 
versely-ridged,  fleshy  "tongue"  with  distal  hairs.  Paraglossae  shorter; 
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commonly  prominent  and  fleshy.  Labial  palps  with  4  or  more  segments; 
very  long  and  (often)  forming  a  tubular  passage  with  galeae  for  squeez¬ 
ing  of  fluid  during  glossal  retraction.  Interregional  co-optation  of 
mouthpart  elements  present. 

Key  Phenocharacters .  The  glossate  condition  is  polyphyletic 
within  insects ,  reaching  its  greatest  development  in  apoid  hymenopterans 
(bees).  Key  features  of  glossates  are  (i)  presence  of  a  variously  long, 
but  prominent,  single  median  glossa  used  for  lapping  fluid  food  (invari¬ 
ably  nectar),  (ii)  long,  labial  palps  with  supernumerary  segments,  and 
(iii)  a  protrusible,  elongate,  maxillolabial  complex  that  can  be 
deployed  into  deep  cavities  for  sequestering  fluid  food.  This  complex 
has  long,  rodlike  cardines  and  stipites  at  its  base  that  are  surrounded 
by  an  extensible  throat  membrane.  Although  maxillolabiates  (Section 
8.3.6)  possess  a  maxillolabial  complex,  it  is  not  designed  as  a  protrac¬ 
tile,  elongate  organ  for  lapping  fluid  food;  their  glossae  is  diminutive 
by  comparison  to  glossates .  Also ,  maxillolabiate  mandibles  are  never 
excavate  and  used  for  molding  mud  or  liquified  paper  for  nest  construc¬ 
tion,  but  are  falcate  and  used  for  cutting  and  shearing  animal  or  plant 
tissue . 

Diversity  and  Natural  History.  Glossates  constitute  the  most 
important  animal  pollinator  of  angiosperms  (Armstrong  1979,  Crepet  and 
Friis  1987,  Bertin  1989).  Nevertheless  they  only  comprise  three  percent 
of  all  hexapod  species  and  in  terms  of  diversity,  glossates  represent  15 
families,  850  genera  and  approximately  27,000  species  (Appendix  D) , 
corresponding  to  a  rank-order  of  12  out  of  34  mouthpart  classes  (Table 
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5,  Fig.  131).  Although  glossates  are  a  moderately  diverse  mouthpart 
class,  their  ecological  role  as  angiosperm  pollinators  imparts  an 
inordinate  conspicuousness  in  many  ecosystems.  Together  with  siphonates 
and  some  labellates,  glossates  are  the  dominant  faithful  pollinators  in 
recent  ecosystems  and  imbibe  not  only  nectar  with  their  mouthparts,  but 
also  secure  with  chewing  mandibles  or  with  body  hairs  and  various  hair- 
formed  "baskets,"  pollen,  often  as  food  for  larvae  (Fig.  89). 

Within  glossates,  the  dominant  clade,  Apoidea  (bees),  are  most 
diverse  in  warm- temperate,  xeric  regions,  especially  Mediterranean -type 
climates  and  in  some  moist  tropics,  such  as  South  America  (Michener 
1979).  Bees  are  poorly  represented  in  equatorial  savannas,  in  arid, 
tropical  regions  and  in  some  moist  tropics  (e.g.  Africa).  Wasps  by 
contrast  are  unimportant  at  higher  latitudes  and  are  signi  ficant 
pollinators  in  the  tropics  (Kevan  and  Baker  1983).  There  apparently  is 
no  correlation  between  bee  diversity  and  angiosperm  diversity  within  a 
given  area  (Michener  1979) ,  nor  is  there  a  correlation  between  primitive 
bees  and  pollination  of  primitive  angiosperms  (Bernhardt  and  Thien 
1987).  All  glossates,  including  several  groups  belonging  to  the 
nonapoid  aculeate  Hymenoptera,  or  "flower  wasps"  (Sapygidae,  Scoliidae, 
Vespoidea,  Sphecidae) ,  apoids  (eight  families  of  bees)  as  well  as 
certain  nemopteran  planipennians ,  imbibe  nectar.  Many  also  imbibe  plant 
secreted  oils  or  are  pollen  collectors  and/or  consumers.  Glossates, 
among  all  mouthpart  classes ,  are  heavily  represented  by  subsocial  and 
eusocial  clades,  including  vespids,  a  few  eumenids,  and  halictid, 
anthophorid  and  apid  bees  (Wilson  1971) .  Sociality  apparently  evolved 
independently  at  least  12  times  (Wilson  1971,  Winston  and  Michener  1977, 
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INCLUDED  TAXA: 

Hymenoptera  (?Torymidae,  Vespldae, 
Apoidea) 
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N=29 


CHEWING/CUTTING 
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FIGURE  89.  Overview  of  the  Glossate  Mouthpart  Class,  a,  Anthophora  sp. 
(Hymenoptera:  Anthophoridae ,  data-set  no.  1354),  after  Demoll  (1908) 
and  Michener  (1944);  b,  taxonomic  distribution,  number  of  taxa 
examined  and  geochronologic  range;  c,  functional -feeding- groups ,  d, 
dietary  spectrum. 
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Webster  and  Peng  1988) .  In  most  of  these  clades  solitary  forms  are 
primitive  pollinators  and  social  forms  are  more  derived  pollinators. 

Wasps  that  pollinate  flowers  have  relatively  short  mouthparts, 
with  projecting  glossae  that  ranges  from  1  to  3  mm.,  although  some 
higher  wasps  have  glossae  5  to  10mm  long  (Faegri  and  van  der  Pijl  1980). 
Chrysidids  (cuckoo  wasps)  frequently  have  long  proboscides  (Kevan  and 
Baker  1984) .  Anthiphilous  wasps  visit  flowers  frequently,  preferring 
open  bowl-shaped  or  short  tubular  flowers  (Spradbury  1973,  Kevan  and 
Baker  1983).  Although  scoliids,  sapygids,  vespoids  and  sphecids  are  all 
known  to  imbibe  nectar,  only  a  few  use  nectar  as  a  larval  food;  most 
anthophilous  wasps  continue  the  phylogenetically  primitive  behavior  of 
provisioning  larvae  with  macerated  insect  and  arachnid  corpses  (Willem- 
stein  1987).  Nevertheless,  a  "wasp  flower  syndrome"  has  been  estab¬ 
lished  for  several  groups  of  highly  anthophilous  wasps.  Wasp -pollinated 
flowers  are  of  dull  brown  to  ocassionally  dull  pink  color  consisting  of 
horizontal  or  nodding  cups  into  which  a  wasp  can  thrust  its  head  (Miiller 
1883,  Proctor  and  Yeo  1973,  Kevan  and  Baker  1983).  However  this 
pollination  syndrome  is  not  well -cons trained  structurally  according  to 
Faegri  and  van  der  Pijl  (1980)  and  some  flowers  such  as  those  that  mimic 
wasps  and  induce  pollination  through  pseudocopulation  (Proctor  and  Yeo 
1973)  are  atypical  of  "wasp  flowers."  Nemopterids  (spoon-wing  lace- 
wings)  have  convergent  glossate  mouthparts  with  many  anthophilous  wasps 
and  though  they  are  documented  pollinivores  (Picker  1987)  they  are 
probably  also  nectarivores . 

Bees  are  far  more  important  as  agents  of  pollination  than  wasps ; 
they  are  the  dominant  angiosperm  nectarivores,  favoring  flowers  with 
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differentiated  perianth  whorls  and  the  presence  of  filamentous  stamens 
(see  Waddington  [1987]  for  bee  nutrition).  Their  importance  extends  to 
the  ubiquitous  presence  of  a  stereotyped  floral  design,  the  bee  pollina¬ 
tion  syndrome,  occurring  in  plant  families  as  taxonomically  dis  parate 
as  the  Fabaceae,  Lamiaceae,  Violaceae,  Scrophulariaceae ,  Orchidaceae  and 
Ranunculaceae .  The  bee  pollination  syndrome  consists  of  bilaterally - 
symmetrical,  semienclosed  and  intricate  flowers  with  hidden  rewards  of 
nectar,  pollen  or  oil,  great  depth  effect,  bright  color  (mostly  yellow 
or  blue)  with  ultraviolet  corollar  guidemarks ,  strong  but  not  overpower¬ 
ing  odor,  and  concealed  sexual  organs  with  few  stamens  (Faegri  and  van 
der  Pijl  1980;  Kevan  and  Baker  1983).  Bees  apparently  posses  high 
flower-constancy  and,  unlike  wasps,  are  capable  of  selecting  flower 
species  for  pollination,  even  if  they  are  rare  (Barth  1985).  For 
example,  euglossine  bees  are  remarkably  efficient  long-distance  pollina¬ 
tors  of  tropical  plants  with  extremely  patchy  or  dispersed  distributions 
and  are  capable  of  travelling  up  to  23km  from  a  home  nest  for  pollina¬ 
tion  of  the  same  species  (Janzen  1971) .  This  behavioral  feature  has 
promoted  angiosperm  diversification  by  the  selection  of  angiosperm 
speciation-promoting  characteristics  by  (Crepet  1985) . 

There  is  a  greater  range  of  tongue  length  in  bees  than  in  wasps , 
with  plesiomorphic  bees  possessing  shorter,  even  bifid  glossae,  whereas 
apomorphic  groups  such  as  euglossine  bees ,  have  long  glossae  up  to  30mm 
long  (Barth  1985),  rivaling  that  of  many  siphonates.  These  glossal 
structural  differences  are  strongly  associated  with  floral  structural 
features,  particularly  corolla  depth,  of  the  pollinated  flower:  larger- 
tongued  bees  are  able  to  pollinate  deeper,  often  tubular  flowers  with 
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deep-seated  nectaries  that  produce  nectar  rich  in  sucrose  sugar,  whereas 
short -tongued  bees  pollinate  bowl -shaped  or  short  tubular  flowers  with 
nectar  rich  in  hexose  sugar  (Kevan  1984,  Martin  1986).  Another  associ¬ 
ated  trait  is  flower  color.  Purple  Israeli  crucifers  are  pollinated  by- 
long-  tongued  bees  and  white  or  yellow  species  are  pollinated  by  short- 
tongued  bees  (Dukas  and  Schmida  1989) .  It  would  be  of  interest  to 
determine  whether  these  features- -flower  depth,  nectar  sugar  type, 
flower  color,  or  others --are  strongly  associated  with  each  other  (see 
Willemstein  1987).  This  ecological  differentiation  of  short-  and  long- 
tongued  bees  is  often  bypassed  by  the  phenomenon  of  nectar  thievery, 
wherein  wasps  or  bees  with  mandibles  capable  of  tearing  petal  tissue 
construct  holes  at  the  base  of  corollas  to  rob  the  flower  of  nectar, 
without  the  benefit  to  the  plant  of  pollination  (Martin  1986) . 

A  few  studies  provide  some  tentative  insights  into  the  role  that 
glossates  play  in  community- level  ecology.  Yumoto  (1986)  demonstrated 
that  two  major  pollinators  occur  on  alpine  meadow  plants  in  Honshu:  (i) 
densely  clustered  plants  pollinated  by  syrphid  flies  that  are  regionally 
distributed  and  undergo  simultaneous  blooming  and  (ii)  bumblebee -type 
plants  that  are  locally  distributed  in  dispersed  stands  with  staggered 
blooming  phenologies.  In  the  different  ecological  setting  of  a  cool- 
temperate,  mixed  conifer -broadleaved  forest,  Yumoto  (1988)  found  that 
bumblebees  consistently  favored  the  bell-  or  funnel - shapes  of  understory 
flowers  over  tubular  canopy  flowers.  Pike  (1978)  discovered  that 
bumblebees  characteristically  proceed  up  the  axis  of  a  vertically- 
oriented  inflorescense  when  browsing,  but  when  shifting  to  another 
inf loresence ,  they  start  at  the  level  that  they  left  off  from  the 
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previous  inflorescense  where  nectar  abundance  is  not  the  greatest. 

These  and  other  highly  stereotyped  foraging  patterns  could  have  signifi¬ 
cant  coevolutionary  responses  among  the  foraged  plant  species . 

Structural  Themes.  Glossate  mouthparts  are  characterized  by  five, 
major  structural  groups  (Fig.  90).  These  groups  are  represented  by  the 
subclusters  (i)  Ceratosolen  acutatus ,  a  torymid  fig  wasp,  (ii)  the  only 
nonhymenopteran,  Palmipenna  aeoloptera,  a  spoon-wing  lacewing  of  the 
Order  Planipennia,  (iii)  the  sapygid  Fedtschenkia  grossa  and  the  scoliid 
Scolia  bidens,  (iv)  the  vespid  wasps  Vespa  vulgaris  and  Vespula  german- 
ica  and  (v)  the  largest  subcluster,  comprising  all  seven  families  of 
bees,  the  masarid  wasp  Paragia  odyneroides  and  four  sphecid  wasps. 

Although  it  is  unclear  whether  the  glossate  condition  in  Palmi- 
pernia  is  shared  by  closely-related  adult  nemopterids,  other  nemopterids 
apparently  have  anthophilous  habits  (Arnett  1985) .  The  occurrence  of  a 
small-sized,  torymid  wasp  with  glossate  mouthparts  as  Subcluster  2  is 
unexpected  and  is  probably  related  to  convergent  mouthpart  specializa¬ 
tions  for  pollinating  very  small  florets  of  fig  (Ficus)  compound  fruits. 
The  group  comprising  sapygid  and  scoliid  wasps  also  probably  includes 
related  families,  such  as  Mutillidae  and  Tiphiidae,  but  since  adults  of 
these  families  were  not  included  in  the  analysis ,  the  limits  of  this 
subcluster  remains  unknown.  The  vespoids  of  Subcluster  4  consist  of  the 
families  Masaridae,  Eumenidae  and  Vespidae  and  comprise  a  well-defined 
subcluster  characterized  by  possession  of  strong  falcate  mandibles, 
unlike  the  excavate  mandibles  of  bees .  Subcluster  5  comprises  sphecid 
wasps  and  bees;  inclusion  of  sphecid  wasps  should  not  be  that  surprising 
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GLOSSATE  MOUTHPARTS 


FIGURE  90.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Glossate 
Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes . 
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since  sphecid  wasps  are  very  similar  structurally  to  bees  (Crepet  and 
Friis  1987)  and  share  mouthpart  similarities  to  short- tongued  bees. 

Geochronologic  History.  The  fossil  record  and  current  knowledge 
about  the  relationships  of  glossate  insects  indicates  an  origin  of  the 
mouthpart  class  among  taxonomically  disparate  groups  during  the  Late 
Jurassic  to  Early  Cretaceous.  The  glossate  condition  as  defined  by  the 
dendrogram  of  Fig.  90  originated  at  least  five  times:  in  certain 
nemopterid  planipennians  and  in  four  monophyletic  hymenopteran  groups , 
the  Torymidae,  Sapygidae,  Scoliidae-Vespoidea  and  spectacularly  in  the 
Sphecidae-Apoidea  (Fig.  91).  Virtually  no  fossil  evidence  can  constrain 
the  origin  of  the  apparently  modified  glossate  mouthparts  of  Palmipenna. 
The  oldest  nemopterid  is  from  the  Oligocene  of  Colorado  [15],  and 
although  the  head  is  rostrate,  it  is  abbreviated  and  its  mouthparts 
remain  unknown.  The  sister-group  of  the  Nemopteridae  is  probably  the 
Ithonidae  (Withycombe  1922) ,  allowing  minimally  for  an  Early  Tertiary 
origin  for  the  Nemopteridae. 

Sapygid  wasps  are  known  from  Baltic  Amber  [19] ,  although  their 
sister-group,  the  Mutillidae,  places  the  origin  of  sapygids  during  the 
Late  Cretaceous  because  of  the  occurrence  of  the  probable  mutillid 
Cretavus  sibiricus  Sharov  1957  in  Turonian  strata  [39]  (Wootton  1986). 
(Mutillids  are  nectarivorous  and  may  be  glossates ,  but  were  not  analyzed 
in  this  study.)  Although  tiphiids  are  the  sister- group  to  the  Mutil¬ 
lidae  +  Sapygidae  and  may  also  be  glossate  (again,  no  adults  were 
analyzed) ,  the  occurrence  of  only  Late  Cretaceous  Coniacian/Santonian 
tiphiid  fossils  [37]  leaves  the  origin  of  the  monophyletic  clade  of 
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FIGURE  91.  Geochronologic  history  of  the  Glossate  Mouthpart  Class.  See 
Appendix  F  for  taxa,  localities  and  references  corresponding  to  each 
fossil  occurrence.  The  phylogram  is  after  Wilson  (1971),  Winston  and 
Michener  (1977)  and  Kfiningsmann  (1978b).  The  level  of  taxonomic 
analysis  is  the  family  and  the  tribe  within  the  Apidae.  The  outgroup 
is  Chrysidoidea .  For  geochronology  of  the  Nemopteridae ,  see  Fig. 

52.  These  fossil  occurrences  are  not  necessarily  a  complete  inven¬ 
tory  of  all  documented  fossil  members  of  this  mouthpart  class. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


530 


*%9 


o 

o 


>  £ 
2  *. 


o 

o 

cvj 


CO 

■ 

> 

P 

o 

o 

HH 

'PS 

H 

o 

< 

hH 

U 

<c 

CO 

C/2 

>-* 

CO 

CO 

< 

1— ( 

H 

H 

< 

PS 

H 

PS 

W 

PS 

P 

PS 

H 

O 

"a 

H 

0) 

(0 

2 . 
a 
< 


— !Uisso|6n3 

- luiquiog 

— ;ujuod|9|/\| 

- juidv 


□ 

CO 

h>  com 

in 

in  thin 

— 

f  fg 

— •“! 

aepuoqdomuv 

aep!l!Moe6a|/\i- 

aep!H!ia|/\i- 


(o  w^co 


cg^o 


aep|uajpuv-«- 


•  • 


N  <e 
CO  CO 


aepjaexo- 


aepposiBH-^ 


aepuanoo- 

aepioaqds- 

aepjBAdes- 


cocn^-  oo> 
cococo  co  eg 


aepunmi/v- 

aepjpossieg 


1 


aepidsaA- 

aepiuauing- 

aep!JBSB|/\i- 

aBpHioos- 


>  >i  > 

CO  Is*  CO  IO 

^  T-  T- 


co  eg 


•  ## 


CO  h»CD 

aspioiuuoj - 1  d.- 

n  **• 

vaaionidwod - -  1  . 

CO  —  co 

CO  U. 

vaaioiHdii-  -|  -  - 

vaaioaiSAUHO - 1 1-^-*- 

C/5  —  •*- 

U. 


I 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


531 


Tiphiidae  +  (Sapygidae  +  Mutillidae)  within  the  Late  Cretaceous, 
possibly  earlier.  By  contrast  the  monophyletic  glossate  clade  of 
Scoliidae  +  (Masaridae  +  [Eumenidae  +  Vespidae])  (Willemstein  1987) 
apparently  arose  during  the  Late  Cretaceous  based  on  the  occurrence  of 
the  masarid  Curiovespa  curiosa  Rasnitsyn  1975  [39]  and  the  absence  of 
scoliids  earlier  than  the  Tertiary.  Both  the  Eumenidae  and  Vespidae  are 
well -represented  during  the  Tertiary  and  include  recent  genera. 

The  spectacular  radiation  of  bees,  as  indicated  by  Early  and 
Middle  Tertiary  deposits  has  often  been  a  mystery  in  lieu  of  any  known 
Cretaceous  bee.  However  the  recent  celebrated  discovery  of  the  highly 
derived  Trigona  prisca  Michener  and  Grimaldi  1988a  in  Campanian  age  New 
Jersey  amber  [36]  has  simultaneously  answered  the  issue  of  the  presence 
of  mid- Cretaceous  bees,  but  also  called  into  question  the  timing  of 
origin  of  all  apoids .  The  presence  of  a  markedly  apomorphic  melponine 
apid  bee  in  the  Late  Cretaceous  indicates  that  all  other  bee  families 
had  a  prior,  as  yet  unreported,  existence.  Furthermore  biogeographical 
analyses  of  current  bee  distribution,  including  the  very  poor  dispersal 
abilities  of  melponine  bees  was  noted  by  Michener  in  1979,  who  claimed 
that  the  most  derived  subfamilies  of  the  most  derived  family  of  bees 
(Apidae)  had  a  Gondwanan  origin  no  later  than  mid  Late  Cretaceous  for 
its  constituent  subgenera.  This  conclusion  was  supported  by  cladistic 
analyses  and  vicariant  distributional  patterns  for  other  primitive  bee 
groups,  which  indicated  origin  of  the  Apoidea  from  a  sphecid  wasp, 
possibly  from  the  arid  interior  of  West  Gondwanaland  (Michener  1979, 
Crepet  and  Friis  1987) . 
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Sphecid  wasps  occur  in  several  Early  Cretaceous  deposits,  includ¬ 
ing  the  Weald  Clay  of  England  [57]  (Jarzembowski  1984),  the  Koonwarra 
Bed  of  Victoria,  Australia  [53]  (Jell  and  Duncan  1986)  and  from  the 
Baisinsk  Stratum  of  Baisa  [52]  (Rasnitsyn  1975);  sphecids  are  also 
recorded  from  Late  Cretaceous  ambers  from  France  [45]  (Schlttter  1978), 
Siberia,  USSR  [37]  (Evans  1973)  and  Manitoba  [35]  (Evans  1969).  The 
combined  evidence  of  the  most  derived  ingroup  occurring  in  Campanian 
deposits,  a  generalized,  earliest  outgroup  ancestor  occurring  during 
Early  Cretaceous  deposits  and  knowledge  about  biogeographical  patterns 
of  primitive  bee  taxa,  all  point  to  either  rapid,  punctuational  evolu¬ 
tion  of  apoid  glossates  during  the  late  Early  Cretaceous ,  or  evolution 
under  a  more  gradual  mode  during  the  Late  Jurassic.  Occurrences  of 
apoid  glossates  in  Early  Tertiary  deposits  (Kelner-Pillault  1969,  1970a; 
Zeuner  and  Manning  1976)  suggest  prior  derivation  of  all  major  apoid 
families  (though  colletids,  oxyaeids  and  euglossine  apids  lack  fossils), 
including  many  derived  lineages  (Kerr  and  Cunha  1976;  Burnham  1978; 
Willemstein  1980,  1987;  but  see  Kelner-Pillault  1974). 

Because  of  the  importance  of  glossate  mouthparts  in  the  early 
diversification  of  angiosperms ,  two  additional  methods  in  addition  to 
the  examination  of  body  fossils,  have  been  used  to  infer  the  presence  of 
the  bee  pollination  syndrome  during  the  Cretaceous.  These  are  cladistic 
analyses  of  bee  pollinators  and  their  pollinated  plants  and  evaluation 
of  floral  modifications  from  Cretaceous  floras.  Based  on  a  study  of  the 
taxonomic  relationships  of  primitive  angiosperms  and  their  pollinators, 
Bernhardt  and  Thien  (1987)  concluded  that  bee  pollination  in  primitive 
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angiosperms  is  polyphyletic .  In  fact  the  very  derived  genera  Trigona 
and  Melipona  pollinate  primitive  angiosperm  species  in  the  tropics.  The 
alternative  approach,  examination  of  floral  structure  in  the  fossil 
plant  record,  has  yielded  interesting  data.  The  existence  of  the  bee 
pollination  syndrome  is  inferred  from  characteristic,  preservable  floral 
specializations  from  several  floras  of  various  types  of  preservational 
style  (Friis  1985,  Crepet  and  Friis  1987).  From  the  Late  Cretaceous 
floral  record  Crepet  (1985)  concluded  that  Late  Cretaceous  flowers 
indicate  glossate  pollination,  and  specifically  by  Turonian/Campanian 
times  fossil  flowers  exhibit  intrafloral  fusion  of  the  same  elements, 
including  syncarpy  (but  with  superior  ovaries) ,  synpetaly  and  formation 
of  a  common  style,  consistent  with  a  bee  pollination  syndrome.  .  By  the 
Middle  Eocene  [25]  there  are  synpetalous  funnelform  flowers  with  wide 
corollas  (Gentianaceae) ,  zygomorphic  zingerberaceous  flowers  and  New 
World- type  malpighiaceous  flowers  with  sepals  bearing  characteristic  oil 
glands  virtually  identical  to  extant  species  that  are  pollinated 
intensively  by  oil-collecting  anthophorid  bees.  These  fossils  indicate 
the  presence  of  three  early  pathways  within  the  bee  pollination  syn¬ 
drome.  Also  present  during  the  Paleocene  and  Middle  Eocene  are  woods 
and  flowers  from  two  of  the  most  derived  euphorbiaceous  tribes  (Crepet 
and  Daghlian  1981)  that  also  indicate  bee  pollination. 

The  more  ultimate  origins  of  primary  nectarivory  and  secondary 
pollinivory  among  apoid  glossates  has  been  attributed  to  the  development 
of  an  ancestral  insectivorous  wasp  lineage  that  substituted  pollen  for 
insects  as  a  partial  source  of  dietary  protein,  followed  by  nectar 
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utilization  for  feeding  of  dependent  larvae  (Grinfel'd  1973).  Crepet 
(1979)  envisions  the  origin  of  nectarivorous  habits  from  such  a  lineage 
by  the  foraging  of  an  insectivorous/pollinivorous  wasp  on  Jurassic 
cycadeoids  or  Early  Cretaceous  angiosperms  that  bear  a  close  juxtaposi¬ 
tion  of  pollen-bearing  organs  and  nectaries.  By  the  time  apoids 
evolved,  the  primitive  insectivory  of  this  lineage  was  supressed  in 
favor  of  a  proteinaceous  pollen  source  and  a  carbohydrate  source  in  the 
form  of  nectar.  This  association  strengthened  as  bees  became  increas¬ 
ingly  more  faithful  pollinators  on  angiosperms. 

Previous  Designations.  Aristotle,  in  his  De  Partibus  Animalium, 
had  recognized  bees  as  a  distinct  trophic  class  of  insects ,  referring  to 
them  as  "feeding  on  sweet  saps  only."  Fabricius  (1775)  later  described 
hymenopterans  (his  Class  Piezata)  in  a  key  as  having  two  pairs  of 
maxillae  (that  is,  a  maxilla  and  a  labium)  and  labial  palps  that  were 
"elongated,  thin,  leathery."  Subsequent  authors  have  used  the  distinc¬ 
tive  mouthpart  structure  of  the  maxillolabial  complex  as  a  feature  of 
apocritan  hymenopterans.  Consequently  the  discreteness  of  the  mouthpart 
class  that  is  herein  termed,  glossate,  has  been  informally  recognized 
for  some  time. 

The  origin  of  the  term  glossa  originates  from  Classical  Greek  and 
is  rendered  as  "tongue"  in  English.  Although  seventeenth-  and 
eighteenth -century  entomologists  termed  many  projecting,  often  fleshy 
mouthparts  as  tongues ,  the  term  glossa  became  applied  formally  to  the 
median  or  inner  lobe  of  the  distal  labium  in  mandibulate  insects 
(Matsuda  1965,  Denis  and  Bitsch  1973).  (See  Table  6  for  history  of 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


535 


nomenclature . )  Because  of  the  prominence  and  functional  importance  in 
feeding  of  the  glossa  in  the  mouthpart  class  described  in  this  section, 

I  am  appropriating  the  term  glossate  in  this  formal  and  descriptive 
sense  to  characterize  this  mouthpart  class . 

Review  of  Literature.  Several  recent,  major  monographs  have 
included  comparative  studies  of  mouthpart  form  in  reconstructions  of 
aculeate  or  apoid  phylogeny.  These  studies  commence  with  Michener's 
(1944)  classic  examination  of  external  bee  structure  for  reconstructing 
bee  phylogeny;  in  that  work  cranial  and  mouthpart  structure  of  major 
representative  genera  are  illustrated.  Brothers  (1975)  examined  a  broad 
sampling  of  structural  data,  including  mouthparts,  for  establishing  a 
phylogeny  of  aculeates  and  focused  on  the  systematic  position  of  the 
Mutillidae  in  particular.  Later  Winston  (1979)  conducted  a  study  of  the 
proboscis  of  long-tongued  bees,  including  substantial  data  on  the 
comparative  structure  of  bee  mouthparts .  Lately  two  important  German 
studies  have  been  published,  including  a  functional  morphological  study 
of  scolioid  head  and  mouthpart  structure  (Osten  1982)  and  a  comparative 
morphological  evaluation  of  the  apoid  postmentum  for  a  phylogenetic 
reconstruction  of  the  superfamily  (Plant  and  Paulus  1987)  . 

These  modern  works  were  preceded  by  detailed  documentary  studies 
of  the  comparative  morphologies  of  the  apoid  maxillolabial  complex 
(Saunders  1891,  Demoll  1908),  complemented  by  Nedel's  (1960)  study  of 
the  head  capsule  and  mandible  of  many  of  the  genera  figured  by  Saunders 
and  Demoll.  Monographs  on  specific  glossate  taxa  include  Breithaupt's 
(1886)  excellent  study  of  Apis  mellifera.  Linneaus,  Ulrich's  (1924) 
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documentation  of  sphecid  mouthparts  and  later  Richards'  (1962)  work  on 
vespoids,  particularly  masarids  and  eumenids.  Proctor  and  Yeo  (1973) 
present  an  informative  discussion  and  illustrations  of  various  vespid 
and  apoid  mouthpart  structures  in  the  context  of  pollination  mechanisms . 

Less  exhaustive  sources  of  mouthpart  structure  documentation  are 
Williams'  (1913)  description  of  sphecid  mouthparts,  studies  by  Kerr  and 
Costa  Cruz  (1961)  and  Costa  Cruz  (1962)  on  the  mouthparts  of  Trigona 
Cataira  Smith  that  emphasized  on  the  maxillary  gland,  and  various 
contributions  to  the  study  of  the  honeybee,  including  Briant  (1884), 
Kellogg  (1902)  and  Strenger  (1952) .  Janvier  (1933)  figured  the  mouth¬ 
parts  and  briefly  discussed  the  colletid  bee  Diaphaglossa  Spinola. 

Grandi  (1935,  1959)  presented  illustrations  of  mouthpart  and  head 
structure  of  various  fig  wasp  genera.  Recently  Harder  (1981)  estab¬ 
lished  a  correlation  between  glossa  length  and  wing  length  for  estab¬ 
lishing  wing  length  as  an  effective  field  measure  of  the  pollination 
capabilities  of  bumblebees . 
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8.8.1.  General  Features  of  the 
Stylate-Nonhaustellate  Series 

General  Structure.  The  Stylate-Nonhaustellate  Series  consists  of 
small  to  minute  hexapods  with  stylate  mouthparts  that  lack  an  ensheath- 
ing  haustellum.  Sty late -norihausellae  mouthparts  are  deployed  prognath- 
ously  and  are  housed  in  an  oral  sac  that  is  either  a  primary  development 
in  parainsects  (proturans,  collembolans)  or  a  secondarily  derived 
convergence  in  insects  (orthopterans ,  coleopterans)  the  number  of 
stylets  are  two,  four,  six  or  nine  and  in  all  members  the  laciniae  are 
always  stylate.  In  the  case  of  some  proturans  that  bear  nine  stylets, 
virtually  every  available  mouthpart  process  is  stylate,  including  the 
unpaired  elements  of  the  labrum- epipharynx  and  hypopharynx ,  and  the 
paired  mandibles,  galeae  and  laciniae  (Francois  1969).  Although  the 
mandibles  of  members  in  this  series  are  primarily  or  secondarily 
monocondylic ,  stylate -norihaustellate  stylets  lack  the  lever-based 
protraction/retraction  system  that  is  ubiquitous  in  stylate-haustellate 
mouthparts  (Smith  1985) . 

Unlike  the  presence  of  head-  and  some  mouthpart-related  features 
indicating  an  active,  above-ground  existence  for  stylate-haustellates 
(Section  8.9),  stylate -nonhaus tel late s  possess  features  that  indicate 
cryptic,  passive,  below- ground  life -habits.  Associated  features  of 
stylate-nonhaustellates  include  the  absence  or  dimunition  of  compound 
eyes  and  lack  of  ocelli.  Unlike  stylate -hautellate  mouthparts,  the 
maxillary  and  labial  palps  are  well -developed,  multisegmented  and  utile; 
they  have  not  been  co-opted  into  the  formation  of  a  haustellar  sheath. 
Maxillary  and  labial  appendages  resemble  the  condition  of  members  of  the 
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Mandibulate  Series  (Section  8.3)  rather  than  the  abbreviation  or  fre¬ 
quent  absence  of  palps  that  is  found  in  the  Stylate-Haus tel late  Series. 

Included  Classes.  The  Stylate-Nonhaustellate  Mouthpart  Series 
consists  of  the  Entognathous- Sty late  and  Ectognathous-Stylate  Mouthpart 
Classes  (see  Table  6  for  taxal  membership,  life-stages  and  number  of 
taxa  examined  for  each  class . ) 

Diversity  and  Other  Distributional  Patterns.  Stylate- 
nonhaustellates  are  dimunitive,  inconspicuous,  minimally  pigmented 
members  of  dominately  subterranean,  litter  and  fungal  habitats.  They 
are  very  poorly  understood  and  only  during  the  past  30  years  have  the 
mouthpart  structures  of  these  forms  been  described  (Francois  1959,  1969; 
Schaller  and  Wolter  1963;  Besuchet  1972,  Vit  1977,  1981;  Sen  Gupta  and 
Crowson  1973;  Dajoz  1976;  Crowson  1981;  Pakaluk  1987).  Their  inferred 
diversity  of  approximately  1200  species  from  12  families  of  four  orders 
of  hexapods  is  undoubtedly  a  significant  underestimate.  Ironically, 
even  though  stylate-haustellates  are  by  far  the  least  taxonomically 
diverse  of  any  mouthpart  series  (Fig.  131),  their  origin  from  proturans, 
collembolans ,  orthopterans  and  three  of  the  four  suborders  of  coleo- 
pterans  represents  one  of  the  most  phyletically  eclectic  samples  of  taxa 
for  membership  in  any  mouthpart  series.  Convergence  on  the  stylate- 
nonhaustellate  condition  has  occurred  at  least  nine  times  when  evaluated 
at  the  familial  level  and  includes  parainsects  as  well  as  ametabolous 
and  holometabolous  insects.  Within  coleopterans  stylate-nonhaustellates 
have  originated  independently  from  myxophagan,  adephagan  and  plesio- 
morphic  and  apomorphic  polyphagan  lineages  six  times.  With  the  possible 
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exception  of  the  Nontrophic  Series  (Section  8.10)  that  is  characterized 
by  numerous  multiple  losses  of  mouth-parts,  the  Stylate-Nonhaustellate 
Series  possesses  the  greatest  number  of  phyletic  convergence  events 
toward  the  acquisition  of  any  mouthpart  type. 

Insight  into  the  origin  of  a  stylate-nonhaustellate  mouthpart  type 
from  an  unspecified  mandibulate  type  is  provided  by  Dajoz's  (1976) 
description  of  a  transformation  series  culminating  in  stylate- 
nonhaustellate  taxa  within  the  coleopteran  family,  Cerylonidae.  A 
similar  series  may  exist  for  taxa  within  the  collembolan  family  Neanuri- 
dae.  Although  other  transitional  types  between  mouthpart  classes  or 
series  have  been  cited  (e.g.  Nannochorista  for  the  rostrate/labellate 
transition),  the  transformation  sequence  documented  by  Dajoz  offers  the 
best  example  of  a  major  mouthpart  transitional  type. 

Although  only  17  taxa  were  examined,  certain  conclusions  can  be 
made  regarding  the  dietary  repertoire  of  stylate-nonhaustellates . 
Stylate-nonhaustellates  are  almost  exclusively  fungivorous,  consuming 
principally  mycelia,  but  also  spores  and  sporocarps  (Sturm  1959,  Crowson 
1981);  there  is  some  evidence  for  detritivory  (Wolter  1963)  as  well  as 
indirect  consumption  of  bacteria  and  protistans  (Moore  1988) .  Their 
overall  size  and  stylet  structure  indicate  that  they  can  puncture 
individual  mycelial  cells  for  evacuation  of  their  contents  (Crowson 
1981,  Moore  1988).  Often  stylate-nonhaustellates  occur  with  small, 
fungivorous  adult -ectognathate  beetles  (e.g.  Wheeler  1984,  Ashe  1984b) 
in  large,  ephemeral  sporocarps  and  plasmodia  in  litter.  The  recently 
discovered,  enigmatic  orthopteran,  Cooloola  propator  Rentz  1980,  is  an 
exception  and  is  apparently  a  fossorial  predator  (Rentz  1987). 
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Major  Structural  Variations.  When  compared  to  the  structural 
differences  among  mouthpart  classes  of  other  mouthpart  series,  no  major 
structural  variation  can  be  discerned  between  the  two  constituent 
mouthpart  classes  within  the  Stylate-Nonhaustellate  Mouthpart  Series. 

Geochronologic  Range.  The  geochronologic  history  of  the  Stylate- 
Nonhaustellate  Series  is  minimally  documented  by  the  fossil  record, 
although  sister-group  relationships  with  taxa  possessing  better  fossil 
records  assist  in  inferences  regarding  the  timing  of  origin  of  several 
lineages.  The  geochronology  of  stylate-nonhaustellates  is  described  by 
two,  temporally  disjunct  diversifications  involving  unrelated  hexapod 
lineages.  The  first  was  an  early,  Silurian  or  earliest  Devonian  diver¬ 
sification  of  collembolan  and  presumably  proturan  forms  as  detritivores 
and  fungivores  among  the  earliest,  primitive,  terrestrial  communities 
(Labandeira  and  Beall  1990,  Shear  1990).  The  second  diversification  was 
an  Early  to  Middle  Mesozoic  appearance  of  at  least  five  or  six  lineages 
of  coleopterans  and  an  orthopteran  lineage  in  highly- structured  terres¬ 
trial  communities. 

Evidence  for  the  Siluro- Devonian  emergence  of  proturans  and 
neanurid  collembolans  originate  from  the  presence  of  Early  Devonian 
entognathate  collembolans  and  a  sister- group  relationship  between  the 
Collembola  and  the  entognathous-stylate  Protura  (Kristensen  1981, 
Boudreaux  1987)  and  the  probable  presence  of  a  stylate  neanurid  collem¬ 
bolan  from  the  Lower  Devonian  Rhynie  Chert  [104]  (Delamare-Deboutteville 
and  Massoud  1967,  Greenslade  1988).  Previous  workers  considered  this 
fossil  a  poduromorph  collembolan  (Tillyard  1928,  Scourfield  1940, 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


541 


Massoud  1967) ,  although  current  evidence  indicates  that  its  mouthparts 
were  stylate  (Greenslade  1986) .  Available  food  resources  for  these 
early,  cryptic  stylate -norihaustellates  include  algae,  fungi,  decomposing 
vascular  plant  material  and  dead  arthropods  (Kidston  and  Lang  1921a, b; 
Kevan,  Chaloner  and  Savile  1975;  Selden  and  Edwards  1989).  Based  on 
habitat  occurrences  of  modern  relatives ,  these  forms  presumably  were 
litter- inhabitants  or  possibly  fossorial. 

The  emergence  during  the  Mesozoic  of  the  second  wave  of  stylate - 
norihaustellates  is  ironically  more  difficult  to  assess.  The  timing  of 
this  diversification  may  be  coincident  with  the  origin  of  a  major  novel 
fungal  food  resource,  but  it  is  uncertain  what  fungal  group  originated 
during  this  time  (see  Taylor  1990) .  Possible  candidates  include  root 
mycorhizae  and  large,  fleshy  sporocarps  of  ascomycetous  and  basidiomyce- 
tous  fungi.  Alternatively,  ectognathous- stylate  taxa  may  have  exploited 
an  adaptive  zone  (sensu  Van  Valen  1971)  such  as  ephemeral,  terrestrial 
sporocarps  that  was  not  previously  colonized. 

8.8.2.  Entognathous - Stylate 
Class  (Class  22) 

Description.  Head  quadrate,  proboscate;  prothoracic  legs  often 
antenna- like.  Genae  prominent;  gular  area  moderately  developed.  Mouth- 
parts  symmetrical,  entognathous,  protractile  and  stylate -nonhaustellate ; 
stylet  number  2,  6  or  9. 

Clypeus  transversely  elongated,  subsegmented.  Lab rum  quadrate  or 
transversely  elongate,  single,  margin  acute  or  acuminate.  Hypopharynx 
often  styliform;  epipharynx  variable.  Mandibles  monocondylous ;  mostly 
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stylate  and  edentate;  musculation  of  protraction/retraction.  Maxillae 
bearing  two  basal  sclerites  and  galeae,  laciniae  and  palps,  or  bearing 
laciniae  only.  Maxillary  palps  4-  or  5 -segmented,  pectinate,  short,  or 
absent.  Galeae  often  stylate  (either  singly  or  doubly  pronged); 
laciniae  always  stylate -acuminate .  Labium  prolonged  with  3  basal 
segments  and  median  ligulate  structure  and  palps.  Labial  palps  1-  or  2- 
segmented,  stubby  or  intermediate  in  length;  infrequently  absent. 

Glossae  and  paraglossae  forming  an  oral  cone,  or  less  commonly  are 
generalized  lobes.  Interregional  co-optation  of  mouthpart  elements 
absent. 

Key  Phenocharacters .  The  most  distinctive  feature  of 
entognathous-stylates  is  the  combined  presence  of  entognathy  and 
nonhaustellate ,  stylate  mouthparts .  Unique  features  are  the  absence  or 
minimal  development  of  compound  eyes  and  a  prolonged,  acutely-  to 
acuminately- tipped  labrum.  Features  found  in  most  entognathous-stylates 
and  atypical  or  absent  in  other  mouthpart  classes  include  tactile, 
forwardly- directed  prothoracic  legs  in  lieu  of  antennae,  a  double-bladed 
lacinial  stylet  and  paraglossae/glossae  forming  a  labial  cone. 

Entognathous- stylate  mouthparts  are  separated  from  ectognathous- 
stylate  mouthparts  (Section  8.8.3)  by  the  presence  of  entognathy,  a 
transverse  clypeus ,  an  acuminately-  to  acutely-margined  labrum  and 
poorly  developed  or  absent  eyes.  Entognathous-stylates  differ  from 
entognathates  (Section  8.3.2)  by  the  presence  of  styliform  mouthparts 
that  always  include  the  laciniae  and  frequently  the  epipharynx/labrum, 
mandibles  and  galeae. 
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Diversity  and  Natural  History.  The  dominant  habitats  of 
entognathous-stylates  are  the  hypogean  or  epigean  zones  of  moist  soil, 
litter,  humus,  moss,  decaying  wood  and  bark  (Eisenbeis  and  Wichard  1987, 
Moore  1988).  This  mouthpart  class  comprises  the  order  Protura  with  four 
constituent  families  and  the  family  Neanuridae  of  the  order  Collembola. 
These  five  families  collectively  represent  a  species  diversity  of  520 
(Appendix  D) ,  corresponding  to  a  rank- order  of  30  among  the  34  mouthpart 
classes  (Table  5,  Fig.  131).  Thus  the  contribution  of  entognathous- 
stylates  to  overall  mouthpart  abundance  is  negligable,  although  they  are 
a  structurally  intriguing  group  of  small  (0.5  to  2.5mm),  unpigmented, 
piercing- and- sucking  arthropods  adapted  to  cryptic,  often  overlooked 
habitats  (Richards  and  Davies  1977) .  Entognathous-stylates  are  very 
poorly  known;  proturans  were  only  discovered  in  1907  by  Silvestri  and 
most  data  regarding  their  natural  history  has  been  deduced  from  occa¬ 
sional  anecdotal  observations  of  diet,  laboratory  rearings  of  "acclimat¬ 
ed"  species  feeding  on  diets  grown  on  culture  media  and,  most  recently, 
trophic  web  analyses  of  endogean  microarthropod  systems  (Moore  1988) . 

Much  of  what  is  known  about  the  diets  of  entognathous-stylates  has 
focused  on  neanurid  collembolans  rather  than  proturans ,  principally 
because  of  the  greater  abundance  and  larger  size  of  collembolans  (Joosse 
1983).  Proturans  are  apparently  fluid- feeders  on  fungal  hyphae  and 
possibly  bacteria  (Eisenbeis  and  Wichard  1987)  (Fig.  92) ,  including 
ectomycorhizae  in  oak  forest  soils  (Moore  1988) .  Proturans  inhabit  the 
interstices  among  soil  particles  in  locally  high  densities  from  three  to 
ten  cm  from  the  soil  surface.  They  prefer  high  humidities  and 
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FIGURE  92.  Overview  of  the  Entognathous-Stylate  Mouthpart  Class,  a, 
Acerentomon  doderoi  Silvestri  (Protura:  Acerentomidae ,  data-set  no! 
1),  after  Francois  1969;  b,  taxonomic  distribution  and  number  of  taxa 
examined,  c,  functional -feeding- group;  d,  dietary  spectrum;  e,  geo- 
chronologic  range. 
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temperatures  and  probably  play  a  salient  role  in  recycling  fungal -bound 
nutrients  to  the  ambient  substrate. 

Neanurid  collembolans ,  like  other  collembolans ,  occur  in  the  soil, 
decaying  litter,  moss,  and,  perhaps  the  only  above-ground  habitat,  under 
tree  bark  (McNamara  1924,  Wolter,  1963,  Hamilton  1978).  Although 
collembolans  as  a  group  are  saprophages  and  phytophages  chewing  and 
ingesting  fungal  spores,  mycelial  fragments,  pollen  grains,  algal 
filaments  and  cellulosic  fragments  of  higher  plants  (Poole  1959, 
Christiansen  1964,  Verhoef  et  al.  1988),  Christiansen  (1964:  153) 
claimed  that  "We  know  nothing  about  the  diet  of  forms  with  piercing  or 
sucking  mouthparts . "  Previously  McNamara  (1924)  considered  Neanura 
muscorum  (Templeton)  a  fluid- feeder  because  of  the  lack  of  visible  gut 
contents,  a  conclusion  which  Poole  (1959)  corroborated  by  citing  the 
absence  of  a  grinding  molar  region  on  the  mandible  as  additional  sup¬ 
portive  evidence.  Wolter,  in  an  important  discussion  of  the  piercing - 
and-sucking  apparatus  of  N.  muscorum  (1963:  58)  stated  that  this  species 
fed  on  mucilaginous  fungi  and  pine  wood  (" Neanura  muscorum  an  gelben 
schliemigen  Pilzen  aur  Kiefemholz  saugend .")  and  indicated  that  the 
hook- like,  elongate  mandibles  act  as  grapplers  to  bring  mycelia  toward 
the  gnathal  pouch  where  they  are  pierced  by  the  maxillary  stylets  for 
fluid  feeding.  (This  system  has  also  been  detiled  for  the  ectognathous- 
stylate  beetle  Hoplocnema  sallaei  Matthews  by  Pakaluk  [1987].) 

The  role  of  a  fungivorous - dominated  community  of  subterranean 
piercing -and -sucking  arthropods  feeding  often  on  vesicular-abrbuscular 
mycorhizae  has  been  discussed  by  Moore  (1988)  in  terms  of  a  symbiotic 
mutualism.  According  to  Moore  (1988),  high  densities  of  these  fluid- 
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FIGURE  93.  Cluster  analysis  dendrogram  of  taxa  comprising  the 

Entognathous-Stylate  Mouthpart  Class.  See  Fig.  28  for  relationship 
of  this  mouthpart  class  to  other  mouthpart  classes. 
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feeding  fungivores  (including  many  mite  taxa)  can  stimulate  fungal 
growth,  disperse  spores  and  act  as  vectors  for  innoculation  of  myco- 
rhizae.  In  turn  mycorhizae  provide  an  important  food  resource  for  the 
fungivores.  Other  possible  associations  of  entognathous-stylates  need 
to  be  assessed.  These  include  the  degree  to  which  hypogean  animal 
tissue  such  as  nematodes ,  rotifers  and  other  microarthropods  are 
consumed  and  the  extent  of  piercing- and- sucking  of  individual  plant 
cells  such  as  those  found  in  algal  filaments,  mosses  and  possibly  minute 
vascular  plants  in  hypogean  and  epigean  habitats. 

Structural  Themes.  No  major  structural  themes  are  evident  from 
the  dendrogram  of  the  entognathous-stylate  mouthpart  class  (Fig.  93). 

Geochronologic  History.  Entognathous-stylates  lack  a  fossil 
record  (Fig.  94) ,  with  the  possible  exception  of  a  neanurid  collembolan 
in  the  Lower  Devonian  of  Scotland  [104]  (Greenslade  1988).  This 
depauperate  record  is  attributable  to  their  small  to  very  small  size, 
lack  of  highly  preservable,  sclerotized  structures  such  as  wings  and 
occurrence  in  sedimentary  environments  unlikely  to  enter  the  geological 
record.  Entognath  collembolans  (Section  8.3.2)  have  a  fossil  record  of 
at  least  ten  occurrences  (Fig.  31) .  Because  of  this  fossil  record, 
including  presence  of  an  Early  Devonian  arthropleonan  collembolan,  the 
existence  of  the  sister-group  of  the  Collembola,  the  Protura,  can  be 
inferred  to  have  been  present  during  the  Early  Devonian.  Collembola  and 
Protura  share  at  least  six  synapomorphies  (Kristensen  1981)  and  repeated 
analyses  of  primitive  hexapod  relationships  have  resulted  in  conclusions 
supporting  a  sister-group  relationship  between  the  two  taxa  (Boettger 
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FIGURE  94.  Geochronologic  history  of  the  Entognathous-Stylate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  Schaller 
(1970),  Janetschek  (1970)  and  Kristensen  (1981).  The  taxonomic  level 
of  analysis  is  the  family  or  suborder.  The  Protura  lack  a  fossil 
record.  The  outgroup  is  Diplura.  These  fossil  occurrences  are  not 
necessarily  a  complete  inventory  of  all  documented  fossil  members  of 
this  mouthpart  class . 
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1958,  Tuxen  1971,  Lauterbach  1972,  Labandeira  et  al. ,  in  prep.).  Most 
of  these  studies  have  also  concluded  that,  whereas  the  Protura,  Collem- 
bola  and  Diplura  (=Parainsecta)  are  plesiomorphic  with  regard  to  the 
Insecta,  they  nevertheless  exhibit  many  apomorphies  concomitant  with  a 
specialized,  cryptozoic  and  fungivorous  life-habits. 

From  this  it  can  be  concluded  that  entognathous-stylates  origi¬ 
nated  very  early  as  a  mouthpart  class  and  is  at  least  as  old  or  older 
than  entognathates ,  monocondylates  and  adult- ectognathates .  This  early 
occurrence  is  consistent  with  Ghilarov's  (1956)  hypothesis  that  the 
ancestral  hexapod  habit  was  hypogean  and  that  tracheates  became  terres- 
trialized  as  supralittoral  psammon  (Labandeira  and  Beall  1990) . 
Entognathous-stylates  preceded  functionally  analogous  ectognathous- 
stylates  by  approximately  200  million  years,  occupying  a  feeding  niche 
that  apparently  was  only  reinvaded  during  the  Mesozoic. 

Previous  Designations.  After  a  study  of  the  basal  hexapod  groups, 
Tuxen  (1959)  united  the  Protura,  Collembola  and  Diplura  into  the  hexapod 
Entognatha.  (This  corresponds  to  the  Parainsecta  of  Table  1.)  The 
Entognatha  were  unified  by  mouthparts  placed  in  an  oral  sac  that  was 
formed  by  the  lateral  and  ventral  extension  of  the  cephalic  capsular 
wall  and  thus  enclosing  ventrally- located  mouthparts  by  medial  fusion. 

By  extension,  all  other  hexapods,  i.e.  insects,  became  known  as  ecto- 
gnaths.  Subsequently  the  term  entognath  has  referred  to  mouthpart 
placement  in  noninsectan  hexapods.  Chaudonneret  (1989a)  recognized  this 
mouthpart  class  as  a  "l'appareil  piquer  de  certains  AptSrygotes  ento- 
trophes,"  which  included  proturans  and  possibly  some  collembolans  and 
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was  described  as  a  major  piercing  mouthpart  type  (See  Table  6  for 
further  details  of  the  history  of  nomenclature) .  Since  the  mouthpart 
type  described  in  this  section  also  bears  stylate  mouthparts,  the  term 
entognathous - sty late  uniquely  refers  to  this  discrete  mouthpart  class. 
This  designation  has  not  been  previously  used. 

Review  of  Literature.  Studies  of  entognathous -stylate  mouthparts 
primarily  have  been  limited  to  only  two  exhaustive  examinations  of 
proturan  mouthparts  and  a  single  study  of  neanurid  mouthparts.  The  head 
and  mouthpart  structure  of  the  proturan  Acerentomon  propinquum  (Condd) 
was  extensively  documented  by  Francois  (1959) --the  first  monographic 
account  of  a  stylate-nonhaustellate  mouthpart  type.  Francois  later 
(1969)  examined  Acerentomon  affine  Bagnall  and  Eosentomon  transitorium 
Berlese,  much  in  the  same  detailed  and  exhaustive  manner  as  before. 

Tuxen  (1959)  meanwhile  provided  a  wide-ranging  account  of  mouthpart 
structure  in  all  three  entognath  orders.  Finally,  Schaller  and  Wolter 
(1963)  and  Wolter  (1963)  conducted  an  extensive  inquiry  into  mouthpart 
structure  and  function,  digestive  tract  anatomy  and  dietary  regime  of 
the  neanurid  collembolan  Neanura  muscorum  (Templeton) .  Excellent 
scanning  electron  micrographs  of  proturan  mouthparts  can  be  found  in 
Eisenbeis  and  Wichard  (1987). 

8.8.3.  Ec tognathous - Stylate 
Class  (Class  23) 

Description.  Head  quadrate,  symmetrical,  with  proboscis  of  vari¬ 
able  length;  anterior  prolongation  of  thorax  enveloping  dorsal  head  area 
in  some.  Genae  prominent;  gula  well -developed,  infrequently  absent. 
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Antennae  variable;  ocelli  mostly  absent;  compound  eyes  moderately 
developed,  dichoptic.  Food  pump  pharyngeal,  with  or  without  clypeal 
pump .  Mouthparts  sty late -nonhaustellate,  prognathous  to  rarely 
hypognathous ,  with  4,  6  or  rarely  2  stylets;  stylets  generally 
protractile . 

Clypeus  single  or  fused  to  frons,  shape  variable.  Labrum  single 
(rarely  absent),  shape  variable,  margin  a  beak  brace.  Hypopharynx 
variable;  epipharynx  generally  a  sensory  organ  and  beak  brace,  or 
absent.  Mandibles  secondarily  monocondylic  or  rarely  absent;  stylate  to 
less  commonly  tetragonal;  edentate,  often  with  a  stylate  prostheca; 
musculation  characterized  by  protraction/retraction.  Maxillae  often 
with  elongated  stipes  for  stylet  protraction;  bearing  galeae,  laciniae 
and  palps.  Maxillary  palps  generally  4-segmented,  long;  filiform  or 
with  an  enlarged  middle  segment.  Galeae  often  stylate,  rarely  absent; 
laciniae  always  stylate.  Labium  generally  producing  a  ligula  and  palps. 
Labial  palps  3 -segmented,  intermediate  in  length,  filiform  or  with 
enlarged  middle  segment:  Glossae  forming  a  labral  cone,  generalized  or 
mucronate,  rarely  absent.  Paraglossae  mostly  absent.  Interregional  co¬ 
optation  of  mouthpart  elements  absent.  ^ 

Key  Phenocharacters .  A  basic  feature  distinguishing  ectognathous- 
stylate  mouthparts  from  other  mouthparts,  particularly  entognathous- 
stylate  mouthparts  (Section  8.8.2),  is  the  joint  presence  of  ectognathy 
and  stylate  mouthparts .  Unlike  the  nine  mouthpart  classes  in  the 
Stylate -Haustellate  Series  (Section  8.9),  ectognathous- stylate  mouth¬ 
parts  lack  an  enveloping  sheath,  or  haustellum,  that  protects  the 
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stylate  mouthparts  from  the  external  environment.  The  presence  of 
stylate  mouthpart  elements  in  the  form  of  mandibular,  galeal  or  lacinial 
stylets  differentiates  ectognathous- stylate  mouthparts  from  adult- 
ectognathate  mouthparts  (Section  8.3.4). 

Since  confusion  may  arise  in  separating  key  features  of 
ectognathous -stylate  and  entognathous - stylate  mouthparts,  the  following 
features  are  important.  Whereas  compound  eyes  are  well -developed  in 
ectognathous - stylates ,  they  are  rudimentary  or  absent  in  entognathous - 
stylates.  The  labrum,  epipharynx  and  hypopharynx  are  not  stylate  or 
stylet- associated  structures  in  ectognathous-stylates  whereas  they  are 
in  most  entognathous - stylates .  The  lacinia,  when  stylate,  consists  of 
one  blade  in  ectognathous-stylates  and  mostly  consists  of  two  blades 
(proturans)  in  entognathous - stylates .  Both  maxillary  and  labial  palps 
are  relatively  long  and  rarely  short  in  ectognathous-stylates  and  short, 
often  stubby  in  entognathous - stylates .  Finally,  the  paraglossae  are 
unmodified  or  absent  in  ectognathous-stylates,  and  mostly  contribute  to 
formation  of  an  oral  cone  in  entognathous - stylates . 

Diversity  and  Natural  History.  Ectognathous-stylates  comprise  an 
important  component  of  the  microarthropod  litter  fauna  and,  with  one 
exception,  consist  of  small  to  very  small  (generally  0.3  to  3mm  long) 
beetles.  Ectognathous-stylates  are  members  from  seven  families  repre¬ 
senting  an  estimated  species  diversity  of  670  (Appendix  D) ,  correspond¬ 
ing  to  a  rank-order  of  28  among  the  34  mouthpart  classes  (Table  5,  Fig. 
131).  When  considered  at  the  family  level,  the  ectognathous -stylate 
condition  originated  at  least  seven  times,  six  within  the  Coleoptera  and 
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once  within  the  Orthoptera.  When  evaluated  at  the  infrafamilial  level, 
a  more  realistic  value  for  the  amount  of  convergence  is  at  least  double 
this  value  (Lawrence  and  Stephan  1975,  Pakaluk  1987).  Ectognathous- 
stylates  taxonomically  comprise  several  coleopterans  from  the  myxophagan 
family  Sphaeriidae ,  the  adephagan  Rhysodidae  and  the  polyphagan  families 
Leiodidae  (not  evaluated  in  this  study),  Eucinetidae,  Cerylonidae  and 

Corylophidae ,  and  the  orthopteran  family  Coolooidae.  However,  because 

/ 

of  the  usually  small  size  of  these  insects,  their  occurrence  in  incon¬ 
spicuous  and  cryptic  habitats  and  the  fact  that  most  taxa  have  been 
described  only  within  the  past  20  years,  ectognathous-stylates  are 
poorly  known  and  it  is  probable  that  other  examples  among  poorly 
understood,  cryptic  coleopteran  families  will  be  discovered.  Curiously, 
there  is  only  one  known  example  of  stylate  mouthparts  within  any  of  the 
several  orthopteroid  orders . 

Ectognathous-stylates  are  characterized  by  the  possession  of  one 
to  four  pairs  of  stylate  mouthpart  elements  that  are  enclosed  by  a 
channeled  labium  and/or  labrum,  which  is  used  for  piercing  individual 
fungal  hyphae,  algal  filaments  and  doubtfully  animal  tissue  (Crowson 
1981).  Most  forms  consume  fungi  (Fig.  95)  and  ultimately  depend  on  wood 
for  their  existence  since  wood  is  a  substrate  for  growth  of  a  diverse 
suite  of  fungi.  Thus  ectognathous-stylates,  as  fungivores,  are  an 
essential  link  in  a  tripartite  partnership  among  fungus  beetles ,  fungi 
and  woody  vascular  plants  (Crowson  1981) .  The  most  productive  compo¬ 
nents  of  the  decaying  wood/leaf  litter  habitat  are  bacteria  and  fungi, 
and  fungi  in  the  form  of  single  cells  and  septate  or  aseptate  hyphae 
that  form  the  basic  food  resources  of  ectognathous-stylates  (Kukor  and 
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INCLUDED  TAXA: 

Orthoptera  (Cooloolidae);  Coleoptera 
(Sphaeriidae,  Rhysodidae,  Leiodidae, 
Cerylonidae,  Corylophidae,  Eucinetidae) 


b  N=13 


PIERCING/CUTTING 


PIERCING/SUCKING 
(SUBDERMAL  TISSUE) 


PIERCING/SUCKING 
(DERMAL  TISSUE) 


UNKNOWN 


MYCELIVORY 


FIGURE  95.  Overview  of  the  Ectognathous-Stylate  Mouthpart  Class.  a, 
Cautomus  sugerens  Besuchet  (Coleoptera:  Cerylonidae,  data-set  no. 
626),  after  Besuchet  (1972);  b,  taxonomic  distribution,  numbers  of 
taxa  examined  and  geochronologic  range;  c,  functional -feeding- groups ; 
d,  dietary  spectrum. 
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Martin  1987) .  Ectognathous  stylates  are  associated  with  concealed, 
"microscopic"  spore-  and  hyphal -producers  and  less  commonly  with 
conspicuous,  "macroscopic"  structures  such  as  basidiomycete  sporocarps 
that  typically  harbor  larger  insects,  especially  those  of  the  adult- 
ectognathate  class  (Ashe  1984b;  Wheeler  and  Blackwell  1984). 

A  broad  range  of  major  fungal  taxa  are  consumed  by  entognathous- 
stylates.  Cerylonids  are  associated  with  bark,  plant  detritus,  nests 
and  endogean  habitats  (Besuchet  1972,  Crowson  1981,  Willemstein  1987); 
Australian  forms  feed  on  the  plasmodial  phase  of  myxomycetan  fungi 
(Slipinski  1988).  Claims  of  cerylonid  ectognathatous- stylates  preying 
on  larval  insects  (Besuchet  1972)  are  considered  unlikely  by  Lawrence 
and  Stephan  (1975) ,  who  recovered  hyphal  fragments  and  spores  from  the 
gut  contents  of  cerylonids  inhabiting  rotten  cambial  wood  and  leaf 
litter.  Corylophids  are  inhabitants  of  rotting  vegetation  and  decaying 
wood  (Willemstein  1987)  and  are  known  to  contain  dematiaceous  deteuro- 
mycetes  as  gut  contents  (Pakaluk  1987) .  Stylate-nonhaustellate  leiodids 
(not  documented  in  this  study)  apparently  feed  on  subterranean  ascomyce- 
tes  (Willemstein  1987)  and  are  members  of  the  litter  fauna  (Crowson 
1981).  Eucinetids  from  Brazil,  Turkey  and  Japan  included  saproxylo- 
phagous  forms  occurring  on  polypore  fungi,  mosses,  decomposed  wood  and 
in  galleries  of  bark  engraver  weevils  (Vit  1977).  Rhyosidids  and 
sphaeriids  (Pauly  1915)  are  probably  feeders  on  fungal  hyphae  or  algal 
filaments  (Crowson  1981) .  The  only  atypical  diet  of  this  mouthpart 
class  is  a  fossorial  Australian  cooloolid,  an  orthopteran  that  is 
apparently  insectivorous  (Rentz  1980,  1987). 
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Ectognathous- stylate  mouthparts  present  some  interesting  evolu¬ 
tionary  and  ecological  developments  aside  from  their  diets .  Studies  of 
stylate  beetles  provide  one  of  the  few  examples  of  a  complete 
morphologic  transformation  series  between  typical  mandibulate  forms  and 
specialized  stylate  forms.  These  series,  with  amply  documented  transi¬ 
tional  forms,  are  demonstrated  in  eucinetids  (Vit  1977)  and  cerylonids 
(Sen  Gupta  and  Crowson  1973,  Lawrence  and  Stephan  1975,  Dajoz  1976)  and 
may  exist  for  other  families.  Additionally,  cerylonids  are  one  of  the 
few  holometabolous  groups  in  which  both  an  adult  and  a  larva  possess  the 
same  specialized,  stylate  mouthparts,  indicating  that  both  life-cycle 
stages  have  become  adapted  to  the  same,  spatiotemporally  restricted 
habitat  (Crowson  1981).  Generally  mouthpart  structures  in  ectognathous- 
stylates  have  functional  parallels  among  entognathous-stylates  (Section 
8.8.2)  and,  in  addition  to  piercing,  both  groups  possess  stylate  mouth- 
part  elements  bearing  processes  for  pulling  hyphae  or  wood  fibers  toward 
their  oral  chambers  (Wolter  1963,  Pakaluk  1987). 

Structural  Themes.  Five  major  structurally-based  subclusters 
exist  for  entognathous- stylate  mouthparts  (Fig.  96).  The  subclusters 
are  (i)  the  single  adult  orthopterid,  Cooloola  propator  Rentz  (data-set 
entry  no.  98  of  Fig.  96),  (ii)  an  adult  myxophagan/adephagan  subcluster 
of  five  members  (401-499),  (iii)  an  adult  polyphagan  cerylonid  subclus¬ 
ter  of  five  members  (624-627),  (iv)  the  single  adult  polyphagan  cory- 
lophid  Hoplocnema  sallaei  Matthews  (633)  and  (v)  a  polyphagan  subcluster 
comprising  the  single  larval  cerylonid  Philothermus  bicavis  Sharp  (631) . 
Although  these  five  subclusters  are  discrete  within  the  mouthpart  class 
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ECTOGNATHOUS  STYLATE 
MOUTHPARTS 


FIGURE  96.  Cluster  analysis  dendrogram  of  taxa  comprising  the 

Ectognathous - Stylate  Mouthpart  Class.  See  Fig.  28  for  relationship 
of  this  mouthpart  class  to  other  mouthpart  classes. 
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by  comparison  to  dendrograms  of  other,  more  diverse  classes,  subclus¬ 
tering  among  ectognathous-stylates  is  less  pronounced. 

These  structural  themes  are  largely  attributable  to  several  major 
character- state  complexes  and  character - s tates .  The  most  important  is 
an  orthopterid  ( Cooloola )  versus  a  coleopterid  (all  others)  head  and 
mouthpart  facies.  Another  difference  involves  whether  a  larval  coleo- 
pteran  facies  ( Philothermus )  or  an  adult  coleopteran  facies  is  present. 
The  third  dichotomy  concerns  the  number  of  mouthpart  elements  as 
stylets,  that  is  whether  they  are  two,  four  or  six;  as  well  as  which 
mouthpart  elements  contribute  to  stylet  formation  (mandibular,  galeal, 
lacinial  or  a  combination  thereof) .  The  structure  of  the  epipharynx  and 
hypopharynx  also  contributes  to  the  formation  of  subclusters,  as  does 
labial  palp  structure,  particularly  since  many  tenebrionoid  (=hetero- 
meran)  families  bear  labial  palps  with  enlarged  middle  segments . 

Geochronologic  History.  Ectognathous-stylates  have  a  poor  fossil 
record,  as  does  their  adult- ectognathate  sister-groups  (Fig.  97). 
Connsequently ,  based  on  the  distribution  of  rare  fossil  forms  and 
occasionally  uncorroborated  phylogenetic  relationships  of  ectognathous- 
stylate  lineages  and  their  sis ter -groups,  any  inferences  must  be 
necesarilly  tentative.  The  bizarre,  monotypic  orthopteran  family 
Cooloolidae  lacks  a  fossil  record,  although  its  closest  relatives  are 
probably  the  Stenopelmatidae  (Rentz  1980,  1987).  Stenopelmatids  occur 
relatively  recently  in  the  Lower  Miocene  [5]  (Zeuner  1939)  even  though 
they  are  probably  a  Late  Paleozoic  group  originating  before  the  breakup 
of  Pangaea  (Vickery  1989) . 
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FIGURE  97.  Geochronologic  history  of  the  Ectognathous-Stylate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylograms  are  after  Crowson 
(1981),  Lawrence  and  Newton  (1982)  and  suggestions  by  Rentz  (1980, 
1987).  The  taxonomic  level  of  analysis  is  the  family.  The  outgroups 
are  Stenopelmatidae ,  Carabidae,  Catiniidae,  Staphylinidae ,  Helodidae 
and  Endomychidae .  Relevant  members  of  the  Leiodidae  were  not  ana¬ 
lyzed  in  this  study  but  undoubtedly  are  ectognathous-stylate  members. 
The  Cooloolidae  lacks  a  fossil  record.  These  fossil  occurrences  are 
not  necessarily  a  complete  inventory  of  all  documented  fossil  members 
of  this  mouthpart  class. 
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Rhysodids  are  probably  an  ancient  adephagan  group  (Crowson  1955) 
that  lack  a  Mesozoic  record  and  presently  occur  under  bark  (Hamilton 
1978,  Crowson  1981).  Their  sister-group,  the  diverse  Carabidae,  have  a 
prolific  fossil  record  (Crowson  1974)  and  have  their  earliest  fossil 
occurrence  as  unnamed  forms  from  the  Lower  Jurassic  of  England  [69] 
(Whalley  1985) .  The  earliest  rhysodid  occurs  in  Upper  Eocene  to  Lower 
Miocene  Dominican  amber  [17]  (Baroni -Urban!  and  Saunders  1982). 
Myxophagans  are  small  inconspicuous  forms  that  virtually  have  a 
nonexistant  fossil  record.  Myxophagan  sphaeriidids  lack  a  fossil  record 
and  their  sister-group,  the  Mesozoic  Catiniidae,  has  a  doubtful  first 
occurrence  in  the  Early  Triassic  of  Asia  [82]  (Ponomarenko  1969) 
although  a  catiniid  occurs  in  the  Lower  Cretaceous  of  the  USSR  [52] 
(Rasnitsyn  1988) .  Leiodids  do  not  appear  as  credible  fossils  until  the 
Lower  Tertiary  (Dmitriev  and  Zherikin  1988)  and  an  occurrence  has  been 
noted  by  Schumann  and  Wendt  (1989)  in  Early  Miocene  amber  [6],  Their 
sister-group,  the  diverse  Staphylinidae ,  has  an  earliest  occurrence  as 
Porrhodromus  communis  Tichomirova  1968  in  Upper  Jurassic  deposits  of  the 
USSR  [60] .  Unassigned  eucinetids  are  also  known  from  these  same 
deposits  [60]  (Crowson  et  al.  1967,  Rasnitsyn  1988),  although  the 
earliest  occurrence  of  their  sister-group,  the  Helodidae,  has  a  younger 
earliest  occurrence  in  the  Lower  Cretaceous  of  Australia  [53]  (Jell  and 
Duncan  1986) .  Crowson  (1981)  indicates  a  mid-Jurassic  divergence  for 
these  two  groups.  Cerylonidae  and  Corylophidae  are  sister-groups  that 
share  the  Endomychidae  as  an  outgroup.  The  earliest  occurrence  of  an 
endomychid  is  in  Baltic  amber  [19]  and  is  of  no  use  in  establishing  the 
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origin  of  the  Cerylonidae  +  Corylophidae ,  although  Crowson  (1981)  places 
their  divergence  from  the  Endomychidae  during  the  Early  Cretaceous. 

In  summary  it  appears  that  ectognathous-stylate  mouthparts  arose 
sporadically  throughout  the  Mesozoic  in  various  coleopteran  groups  and 
once  among  orthopterans .  This  tentative  pattern  does  not  suggest  a 
geochronologically  rapid  radiation  into  a  newly- created  adaptive  zone 
(cf .  Van  Valen  1971) ,  but  rather  repeated  invasions  by  relatively 
nondiverse  groups  into  an  adaptive  zone  that  probably  arose  during  the 
Late  Paleozoic  (Malyshev  1968,  Hamilton  1978,  Taylor  1990). 

Previous  Designations.  Three  conditions  collectively  and  uniquely 
define  the  mouthpart  class  defined  herein:  (i)  lack  of  a  haustellum, 
(ii)  ectognathy  and  (iii)  stylate  mouthparts.  The  lack  of  a  haustellum 
is  referred  to  under  the  mouthpart  series  to  which  this  and  the  previ¬ 
ously  described  mouthpart  class  (Section  8.8.2)  are  a  constituent 
members .  The  other  two  features  are  used  to  derive  the  namesake  of  this 
mouthpart  class:  ectognathous-stylate.  The  term,  ectognathous-stylate, 
is  a  novel  designation  and  has  not  been  used  previously  in  the  entomo¬ 
logical  literature.  Neither  Matsuda  (1965),  Bitsch  and  Denis  (1973)  or 
Smith  (1985)  discussed  ectognathous-stylates  (Table  6).  Chaudonneret 
(1989a)  however  considered  " 1' appareil  piqueur  de  certains  Col&opt&res 
adultes "  as  a  distinctive  piercing  mouthpart  type  and  used  Jentozkus 
plaumaimi  Vit  as  illustrative  of  this  mouthpart  type. 

Review  of  Literature.  Of  the  several  ectognathous-stylate 
families  that  have  been  studied,  an  overwhelming  effort  has  been  devoted 
to  the  taxonomy  and  description  of  the  mouthpart  structure  of  the 
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Cerylonidae.  Besuchet  (1972)  was  the  first  to  extensively  document 
cerylonid  mouthpart  structure.  This  was  followed  by  Sen  Gupta  and 
Crowson  (1973),  Lawrence  and  Stephan  (1975)  and  Dajoz  (1976),  who 
revised  the  taxonomic  limits  of  the  family,  described  additional  species 
and  figured  additional  mouthpart  transformation  series  from  mandibulate 
to  completely  stylate  species.  Slipinsky  (1988)  has  provided  descrip¬ 
tions  and  accounts  of  the  habitat  of  Australian  species.  Pakaluk  (1987) 
has  described  the  stylate  mouthparts  and  diets  of  a  corylophid,  a 
closely  related  family. 

Other  data  sources  for  stylate  beetles  include  Vit  (1977,  1981) 
for  species  of  the  Eucinetidae  and  Pauly  (1915)  who  figured  rhysodid 
mouthpart  structure  in  a  monograph  on  caraboid  head  and  mouthpart 
structure.  This  work  was  complemented  by  Stickney's  monograph  on 
coleopteran  head  structure  that  included  rhysodids.  Lastly  a  recent 
contribution  has  been  made  by  Rentz  (1980,  1987)  on  the  unusual  stylate 
mouthparts  of  a  new  family  of  fossorial  orthopterans . 

8.9.  Stylate-Haustellate  Series 

8.9.1.  General  Features  of 
the  Stylate-Haustellate  Series 

General  Structure.  The  Stylate-Haustellate  Series  consists  of  a 
very  diverse  group  of  nine  mouthpart  classes  united  by  the  common 
presence  of  an  organ  bearing  stylets  or  modified  into  a  stylet  for 
puncturing  and  obtaining  food  from  inte gumental ly - bound  tissue.  This 
organ  (haustellum)  is  variously  deployed  hypognathously ,  opisthognagous- 
ly  or  rarely  prognathously  and  may  be  retractile  or  nonretractile .  The 
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number  of  haustellar  stylets  is  as  many  as  six  (hexastylates) ,  although 
two  (buccal-cone,  monostylate/distylate ,  distylate/tetrastylate) ,  three 
(mouthcone,  tristylate)  or  four  (segmented-beak,  distylate/tetrastylate) 
are  common  and  one  (monostylate/distylate,  tubulostylate ,  siphonosty- 
late)  is  relatively  rare .  The  mouthpart  element  identities  of  the 
stylets  range  from  single  epipharyngeal  and  hypopharyngeal  stylets,  to  a 
single  or  paired  mandibular  stylet (s) ,  to  paired  lacinial  stylets.  In 
the  majority  of  groups  styliform  mouthpart  elements  are  dominated  by 
protractor  and  retractor  muscles,  often  with  the  assistance  of  various 
internal  sclerite/muscle  lever  mechanisms ,  for  assisting  retraction  by 
increasing  stroke  efficiency  and  stroke  throw.  Stylate-haustellate 
piercing  elements  are  longer,  more  gracile  and  more  elaborately  dentate 
than  analogous  or  homologous  mouthpart  elements  of  the  Stylate- 
Norihaustellate  Series  (Section  8.8).  An  associated  feature  of  stylate- 
haustellate  mouthparts  is  palpal  modification,  specifically  a  trend 
toward  reduction,  elimination  or  often  transformation  of  labial  palps 
into  a  haustellum  that  partially  or  completely  ensheaths  the  mouthpart 
stylets.  Also,  labra  are  often  prolonged,  either  in  conjunction  with  a 
beak  brace  or  as  a  dorsal  surface  of  an  epipharyngeal  stylet.  Intimate¬ 
ly  associated  with  haustellate  mouthparts  and  a  general  piercing- and - 
sucking  mode  of  feeding  (or  some  modification  thereof)  is  an  inflated, 
enlarged,  clypeal  region  with  dilator  muscles  that  operate  as  a  sucking 
pump.  Because  of  the  diversity  of  fluid  diets,  occupied  habitats  and 
life-histories  of  stylate-haustellates,  few  head- associated  features  can 
be  consistently  encountered  in  the  series. 
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While  the  stylate  mouthparts  of  all  nine  classes  function  in  a 
similar  way  of  penetrating  integument  to  obtain  fluid  food  from  subja¬ 
cent  shallow  or  deep  tissue,  there  are  many  modifications  of  this  basic 
theme.  The  most  common  mode  of  obtaining  fluid  nutriment  is  by 
piercing- and- sucking,  in  which  stylets  (or  a  stylet)  puncture  integument 
and  variously  penetrate  subdermal  tissue  by  a  gently  applied  but  suffi¬ 
cient  force  (Pollard  1973,  Dixon  1975).  A  second  mechanism  is  the 
slash- and- cutting  tecnhique  of  some  hexastylates  (Gordon  and  Crewe  1953, 
Dickerson  and  Lavoipierre  1959)  in  which  serrated,  bladelike  mandibles 
cut  and  lacerate  integument  and  underlying  surface  tissue  and  the 
resulting  pool  of  fluid  (e.g.  blood,  lymph)  is  sucked  up  through  a 
haustellum.  Alternatively  the  punch- and- sucking  technique  of  the 
mouthcone  class  is  characterized  by  punching  a  hole  on  the  wall  of  a 
pollen  or  spore  grain  by  a  stout  mandibular  stylet,  followed  by  lacinial 
enlargment,  deepening  of  the  hole  and  subsequent  sucking  out  of  the 
pollen  or  spore  contents  (Grinfel'd  1959;  Kirk  1984,  1987).  A  similar 
mechanism  has  been  documented  for  the  evacuation  of  individual  cellular 
contents  of  leaf  tissue  (Chisholm  and  Lewis  1984) ,  Weisenborn  and  Morse 
1988).  Lastly,  many  blood-feeding  and  insectivorous  classes  have  a 
thrust -and -stab  technique,  by  which  considerable  force  is  used  to 
"propel"  a  stiffened  stylet  for  obtaining  sufficient  penetration  to 
puncture  through  an  integument  (Bdnziger  1980) .  This  behavior  is 
followed  by  location  of  a  blood  capillary  or  blood  sinus  for  discharge 
of  anticoagulant  enzymes,  or  injection  of  various  lytic  enzymes  for 
liquefaction  of  prey  contents  (Scarbrough  1978) .  These  four  functional 
modes  of  obtaining  fluid  food  illustrate  some  of  the  major  modifications 
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that  stylate -hau.s tellate  mouthparts  have  evolved  to  obtain  fluid  food  in 
differing  contexts  of  tissue  types  and  integumental  structure. 

Included  Classes.  The  Stylate-Haustellate  Series  consists  of  the 
Segmented  Beak,  Buccal-Cone,  Mouthcone,  Monostylate/Distylate , 
Distylate/Tetrastylate,  Hexastylate,  Tristylate,  Tubulostylate  and 
Siphonostylate  Mouthpart  Classes  (see  Table  6  for  taxal  membership, 
life -stages  and  number  of  taxa  examined  for  each  class) . 

Diversity  and  Other  Distributional  Patterns.  The  Stylate- 
Haustellate  Series  comprises  a  very  taxonomically  diverse  assemblage  of 
mouthpart  classes  and  is  surpassed  by  species  diversity  only  by  the 
Mandibulate  and  Siphonate  Series.  Represented  are  115,000  species  from 
eight  orders  of  hemimetabolous  and  holometabolous  insects,  of  which  70% 
of  the  species  are  segmented-beaks  (Section  8.9.2).  However,  since  the 
Siphonate  Series  comprises  only  two  mouthpart  classes  and  is  dominated 
by  the  single,  highly  stereotyped  Siphonate  Mouthpart  Class  (Section 
8.6.2),  the  Stylate-Haustellate  Series  is  significantly  more  diverse  in 
terms  of  mouthpart  class  diversity  and  is  second  only  to  the  Mandibulate 
Series  (Section  8.3).  When  evaluated  at  the  ordinal  level,  insects  have 
converged  on  this  mouthpart  series  at  least  seven  times :  hemipterans 
(Homoptera  +  Heteroptera) ,  thvsanopterans ,  anoplurans ,  mallophagans 
(Haematomyzidae) ,  dipterans,  siphonapterans  and  lepidopterans . 

Stylate-haustellates  inhabit  virtually  every  terrestrial  and 
freshwater  habitat  and  occur  in  open  marine  settings  (Andersen  and 
Polhemius  1976) .  They  consume  fluid  foods  from  every  kingdom  of 
organisms ,  principally  plants  and  animals ,  but  also  fungi  (Kukor  and 
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Martin  1987)  and  modified  filter-feeding  on  protists  (Parsons  1966a, b) . 
This  trophic  breadth  can  be  divided  into  a  dominant  group  of  plant - 
consuming  species  (most  segmented -beaks ,  virtually  all  mouthcones,  many 
siphonostylates ,  some  hexastylates) ,  animal -predators  generally  on  other 
insects  (some  segmented-beaks ,  a  few  mouthcones,  some  monostylate/ 
distylates,  some  distylate/tetrastylates)  and  blood- feeders  (a  few 
segmented-beaks,  buccal-cones,  hexastylates,  tristylates,  tubulostylates 
and  probably  most  siphonostylates) .  Of  the  nine  mouthpart  classes  of 
the  series ,  four  are  entirely  or  dominately  associated  with  blood 
feeding:  buccal-cone,  hexastylate,  tristylate  and  two  others  that  have 
blood-feeding  as  a  significant  food  source:  segmented-beaks  and  siph¬ 
onostylates.  It  is  noteworthy  that  whereas  the  Stylate-Nonhaustellate 
Series  (Section  8.8)  is  dominated  by  small,  fungal -feeders  (Dajoz  1976, 
Eisenbeis  and  Wichard  1987,  Pakaluk  1987),  this  dietary  grouping  is 
virtually  absent  in  the  Stylate-Haustellate  Series. 

Major  Structural  Themes.  Four  major  structural  themes  are  present 
within  the  Stylate-Haustellate  Series  (Fig.  28).  They  are  (i)  the 
Mouthcone  Class,  (ii)  the  Segmented-Beak  and  Buccal-Cone  Classes,  (iii) 
a  dipteran/siphonapteran  group  consisting  of  the  Monostylate/Distylate , 
Distylate/Tetrastylate ,  Hexastylate,  Tristylate  and  Tubulostylate 
Mouthpart  Classes  and  (iv)  the  Siphonostylate  Mouthpart  Class.  Each 
theme  is  characterized  by  discrete  combinations  of  characters  that 
resolve  stylate-haustellate  taxa  into  these  four  patterns  (Fig.  28) . 

Mouthcones  are  the  only  mouthpart  class  that  is  characterized  by 
major  mouthpart  asymmetry.  Uniquely  characterizing  the  class  is  absence 
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of  the  right  mandible  and  conspicuous  development  of  both  the  maxillary 
and  labial  palps.  The  formation  of  a  funnelform  mouthcone  has  parallels 
in  the  Buccal-Cone  Mouthcone  Class,  although  a  similar  or  analagous 
structure  does  not  occur  in  any  other  stylate-haustellate  group. 

A  second  theme  consists  of  segmented-beak  and  buccal-cone  mouth- 
parts  that  are  characterized  by  the  presence  of  a  lab ially- derived, 
hemipteroid  haustellum  devoid  of  maxillary  and  labial  palps  and  absence 
of  other  labial  processes.  Segmented-beak  and  buccal-cone  mouthparts 
are  symmetrical,  unlike  the  major  mouthpart  asymmetry  of  mouthcone 
mouthparts,  and  are  opisthorrhynchous  rather  than  the  hypognathous  or 
rarely  prognathous  condition  of  mouthpart  classes  of  various  dipterans, 
siphonapterans  and  lepidopterans .  Stylet  number  is  four  in  segmented- 
beaks  and  two  in  buccal - cones . 

Five  mouthpart  classes  consisting  of  dipteran  and  siphonapteran 
taxa  comprise  the  third  theme  of  stylate-haustellates .  Although  similar 
to  the  hemipteroids  of  the  second  theme  in  that  the  haustellum  is 
derived  from  labial  elements  (probably  labial  palps) ,  the  third  theme 
has  retained  maxillary  palps  and  frequently  the  labial  glossa.  Stylet 
number  and  type  is  highly  variable,  unlike  other  stylate-haustellate 
themes.  Whereas  mouthcones  bear  three  stylets  and  segmented-beak  and 
buccal-cone  mouthparts  possess  four  or  two  stylets,  respectively,  and 
siphonostylates  one  stylet,  the  five  mouthpart  classes  of  the  third 
theme  bear  one,  two,  three,  four  or  six  stylets.  The  three-stylate  and 
six-stylate  conditions  are  plesiomorphous  for  the  Siphonaptera  and 
Diptera,  respectively,  and  the  three  other  stylet  conditions  represent 
various  apomorphic  dipteran  reduction  series. 
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The  fourth  theme,  the  siphonostylate  mouthpart  class,  consists  of 
a  single  stylet  and  is  a  unique  modification  of  the  siphonate  proboscis 
(Section  8.6.2)  into  a  piercing  organ.  Siphonostylates  possess  virtual¬ 
ly  all  other  elements  of  a  lepidopteran  facies  and  are  readily  differen¬ 
tiated  from  the  hemipteroid  and  dipteran/siphonapteran  groups.  Expect¬ 
edly,  siphonostylates  clustered  with  the  large  siphonate  mouthpart 
cluster  (Fig.  28). 

Geochronologic  Range.  Stylate-haustellate  mouthparts  and  the 
piercing-and- sucking  mode  of  feeding  extends  to  the  Late  Paleozoic 
(Carpenter  1971,  KukalovA-Peck  1985).  During  this  time,  four  orders  of 
palaeodictyopteroid  insects  (Palaeodictyoptera,  Megasecoptera,  Diaphano- 
pterodea  and  Permothemistida)  constituted  the  only  members  of  this 
structural  class  (Kukalov&-Peck  1983)  prior  to  the  appearance  of 
homopterans  during  the  Early  Permian.  These  forms  apparently  consumed  a 
diversity  of  plant  (Carpenter  1971,  Sharov  1973)  and  possibly  animal 
tissue.  The  types  of  beaks  borne  by  palaeodictyopteroids  ranged  from 
long,  slender  structures  3.2cm  long  in  adults  (Mtiller  1978)  to  short, 
truncate  structures  about  0.4cm  long  in  nymphs  (Labandeira,  pers.  obs.). 
Although  these  taxa  were  not  considered  in  this  analysis ,  they  do 
exhibit  anecdotally  a  wide  diversity  of  stylate-haustellate  beaks 
present  in  the  Paleozoic  insect  fauna  (KukalovA-Peck,  unpubl.  MS;  Jar- 
zembowski  1987).  During  the  Permian  palaeodictyopteroids  were  replaced 
by  various,  modern-aspect  hemipteroids  and  apparently  palaeodictyopte¬ 
roids  did  not  survive  into  the  Mesozoic  (Carpenter  and  Burnham  1985) . 
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The  stylate-haustellate  component  of  the  modern  (i.e.  Mesozoic  + 

Cenozoic)  insect  fauna  is  documented  from  the  Lower  Permian  (Rohdendorf 

and  Rasnitsyn  1980)  and  during  the  Early  Mesozoic  surpassed  the  long- 

extinct  palaeodictyopteroids  in  ordinal  and  familial  diversity  (Sepkoski 

and  Hulver  1985) .  Segmented-beak  homopterans  and  mouthcone  thysano- 

pterans  diversified  during  the  Permian  (Bekker-Migdisova  1960,  1985; 

Vishniakova  1981)  and  later  segmented  beak  heteropterans  experienced  a 

radiation  during  the  Early  Mesozoic  in  the  freshwater  realm  (Popov  1971, 

Andersen  1982) .  Dipterans  began  their  radiation  during  the  Late 

Triassic  and  by  the  Middle  Jurassic  added  at  least  three  additional 

stylate-haustellate  mouthpart  classes  (monostylate/distylates , 

distylates/tetrastylates ,  hexastylates)  to  the  pre-existing  mouthcones 

and  segmented-beaks  (after  Rohdendorf  1974,  Kalugina  and  Kovalev  1985). 

These  two  events- -a  late  Paleozoic/early  Mesozoic  radiation  of  hemi- 

pteroids  and  an  Early  to  Middle  Mesozoic  radiation  of  dipterans- - 

resulted  in  the  overwhelming  bulk  of  stylate-haustellate  taxonomic 

diversity.  Environments  into  which  hemipteroids  radiated  were  several 

plant-feeding  niches  during  the  Permian,  including  sap-sucking  of  deep 

vascular  tissue,  penetration  of  shallow  nonvascular  tissue  and  punch- 

0 

and-sucking  of  pollen  and  spore  grains  (from  Cobben  1978,  Vishniakova 
1981).  Dipterans  and  heteropterans  subsequently  became  stylate- 
haustellate  predators  on  other  insects  and  blood-suckers  on  vertebrates 
during  the  Middle  Mesozoic  (Downes  1971,  Grogan  and  Szadziewski  1988). 
Other  stylate-haustellate  dipteran  lineages  pierced  plant  tissues  and 
became  attracted  to  nectar  and  other  sugar -rich  plant  exudates  such  as 
honeydew  and  resin. 
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The  timing  of  origin  and  diversification  of  the  less  speciose 
mouthpart  classes --buccal -cone,  tristylate,  tubulostylate  and  siphono- 
stylate--is  less  constrained  due  to  the  poor  fossil  records  that  are 
typical  of  ectoparasitic  groups.  Analyses  of  phylogenies  of  associated 
hosts  often  indicate  a  relatively  recent  diversification  for  these 
mouthpart  classes,  although  the  occurrence  of  Lower  Cretaceous  tristy- 
lates  (Jell  and  Duncan  1986)  should  introduce  a  note  of  caution  to  the 
purported  recency  of  these  mouthpart  classes. 

8.9.2.  Segmented- Beak  Class 
(Class  24) 

Description.  Head  shape  variable;  proboscis  (beak)  long  or  very 
long.  Genal  region  well  to  moderately  developed,  rarely  absent;  gula 
either  prominent  and  well -developed,  or  absent;  lorum  well -developed, 
less  commonly  absent.  Grasping,  raptorial  prothoracic  legs  in  some 
forms.  Antennae  setaceous  or  filiform,  rarely  aristate  or  serrate; 
ocelli  two,  less  commonly  absent;  compound  eyes  large,  expansive  or  less 
often  moderately  developed,  rarely  absent.  Strong,  bulbous  cylpeal  pump 
present.  Mouthparts  opisthognathous  (sternorrhynchous  or  auchenor- 
rhynchous),  stylate-haustellate  with  4  stylets,  generally  protractile. 

Clypeal  region  prominent  and  inflated,  quadrate  to  vertically 
elongate,  generally  subdivided.  Lab rum  undivided,  shape  highly  vari¬ 
able,  a  stylet/beak  brace.  Hypopharynx  a  salivary  syringe  with  a  piston 
pump,  rarely  absent;  epipharynx  a  fimbriate  or  lingulate  lobe, 
acuminately- tapering,  rarely  with  superlingulae .  Mandibles  acondylic; 
stylate;  serrate,  barbate  or  edentate;  generally  with  a  muscle-based 
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lever  system  for  protraction  and  retraction.  Maxilla  with  a  single 
stipes/cardo  sclerite  forming  the  maxillary  plate  of  the  "cheek";  palpi 
and  galeae  absent.  Lacinia  sty late,  a  single  blade.  Labium  extremely 
reduced;  palpi,  glossae  and  paraglossae  evidently  absent.  Labium  a  1- 
to  4- segmented  haustellum  (=beak)  ensheathing  mandibular  and  lacinial 
stylets.  Interregional  co-optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  The  segmented-beak  mouthpart  class  is  a 
discrete,  highly  stereotyped  mouthpart  class  that  can  not  be  mistaken 
for  any  other  mouthpart  type.  Diagnostic  features  of  the  segmented-beak 
condition  are  the  conspicuous  absence  of  maxillary  and  labial  palps  and 
all  endite  lobes  (galeae,  glossae,  paraglossae)  except  the  laciniae, 
which  are  not  externally  visible  and  are  prolonged  into  long,  acuminate 
stylets.  The  mandibles,  like  the  laciniae,  are  long  stylets  and  both 
pairs  of  stylets  are  engaged  by  a  muscle-based  lever  system  that 
protracts  and  retracts  each  stylet  pair  for  tissue  penetration  and 
withdrawal.  The  mandibular  and  lacinial  stylets  are  enveloped  by  the 
only  evident  labial  structure:  a  characteristic,  segmented  haustellum. 
(The  homologies  of  the  labial  haustellum  have  been  much  discussed  and 
may  represent  fused  labial  palps,  or  a  prolonged  and  subsegmented 
ligular  structure,  or  some  other  labial  structure.)  The  hypopharynx, 
unlike  other  stylate-haustellate  groups,  is  not  sty late  and  is  a 
salivary  pump.  Other  characteristic  features  of  segmented-beak  mouth- 
parts  include  a  strong,  bulging  clypeal  pump,  often  with  external  traces 
of  dilator  muscle  insertions ,  and  presence  of  usually  prominent  lora  and 
maxillary  plates  in  the  genal  region. 
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Other  stylate-haustellate  groups  that  possibly  can  be  confused 
with  the  segmented-beak  mouthpart  class  are  mouthcones  and  tristylates 
(Sections  8.9.4  and  8.9.8).  Mouthcones  uniquely  possess  major  head  and 
mouthpart  asymmetry  and  bear  three  stylets:  a  short,  stouter  mandibular 
stylet  and  a  pair  of  gracile,  but  short,  bladelike  lacinial  stylets. 

The  basal  maxillary  sclerites ,  labium  and  labrum  form  the  characteristic 
funnelform  mouthcone  that  is  used  as  a  stylet  guide.  Tristylates  lack 
mandibular  stylets,  possessing  an  epipharyngeal  and  lacinial  stylets 
which  are  ensheathed.  They  feed  by  protraction  of  the  lacinial  stylets 
by  engagement  of  a  lever-based  system  of  segmented,  modified  labial 
palps  that  are  individually  separate.  Tristylates  are  vertebrate 
ectoparasites  and,  unlike  segmented-beak  members,  have  spathulate 
antennae,  reduction  of  compound  eyes  and  absence  of  ocelli.  Other 
various  stylate-haustellate  mouthpart  classes  possess  a  dipteran  head 
facies  and  instead  of  opisthognathous  placement  of  mouthparts  on  the 
head,  have  hypognathous  or  prognathous  placement. 

Diversity  and  Natural  History.  The  Segmented  Beak  Mouthpart  Class 
is  one  of  the  several  most  abundant  mouthpart  types  occupying  terrestri¬ 
al,  freshwater  and  even  marine  habitats.  It  comprises  the  orders 
Homoptera  and  Heteroptera  although  many  coccoid  homopterans  possess 
abbreviated  mouthparts  of  the  Reduced  Trophic  Mouthpart  Class  (Section 
8.10.2).  The  segmented-beak  class  comprises  110  families,  8960  genera 
and  about  77,000  species  (Appendix  D)  and  is  five  in  rank-order  of  34 
mouthpart  classes  (Table  5,  Fig.  131);  it  is  overwhelmingly  the  most 
species  diverse  mouthpart  class  that  obtains  food  by  piercing- and - 
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sucking.  Members  of  this  structural  group  are  probably  monophyletic  and 
there  is  no  indication  of  structural  convergence.  The  Segmented  Beak 
Mouthpart  Class  is  a  relatively  old  group;  the  earliest  known  fossils 
occur  in  Lower  Permian  deposits  (Bekker-Migdisova  1940,  1960).  However, 
four  orders  of  unrelated  (Crampton  1927,  KukalovS-Peck  1983)  Late 
Carboniferous  to  Late  Permian  palaeodictyopteroids  had  analogous  mouth- 
parts  and  if  these  fossil  species  were  included  in  the  data-set,  they 
probably  would  have  clustered  as  a  separate  but  closely  associated 
group.  (This  possibility  is  indicated  in  Fig.  133,  column  24). 

Segmented-beaks  are  the  major  participants  responsible  for 
consuming  unexposed,  intracellular  and  intercellular  fluid  of  plants, 
particularly  the  sap  of  vascular  tissues  such  as  xylem,  phloem  and 
tracheids  (Risebrow  and  Dixon  1987) .  They  are  also  important  fluid 
feeders  on  other  insects  and  vertebrate  blood  (see  Smith  [1985]  for  a 
review  of  feeding  mechanisms)  although  other  stylate-haustellate  classes 
are  also  important  fluid- feeding  insectivores  and  sanguinivores .  (Fig. 
98  illustrates  the  dietary  breadth  of  segmented-beak  members.) 

Although  virtually  all  members  of  this  mouthpart  class  belong  to 

the  piercing- and- sucking  functional -feeding- group ,  some  aphids  are 

i 

plant-gallers  (Southwood  1973,  Forrest  1987)  and  several  corixid  genera 
are  filter- feeders  even  though  they  have  sty late,  albeit  truncate  and 
abbreviated  mouthparts  (Benwitz  1956;  Parsons  1966a, b).  Most  of  the 
dietary  data  is  for  agriculturally- important  herbivores,  particularly 
aphids,  whiteflys  and  scale  insects,  although  a  few  heteropterans ,  such 
as  the  milkweed  bug,  Oncopeltis  fasciatus  (Dallas)  and  certain  pathogen- 
transmitting,  sanguinivorous  cimicids  and  reduviids  also  have  been 
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extensively  investigated.  Plant-feeding  members  of  the  Segmented-Beak 
Class  include  all  homopterans  and  many  heteropterans ;  animal - feeding 
members  are  principally  insectivorous  and  include  the  terrestrial 
heteropteran  families  Nabidae  and  Anthocoridae  in  addition  to  about  15 
aquatic  families  in  the  suborders  Nepomorpha  and  Gerromorpha  (Cobben 
1978).  Obligate  sanguinivores  include  the  human- infesting  Reduviidae 
and  Cimicidae  and  the  bat  ectoparasite  Polyctenidae  (Hagen  1987) .  The 
transfer  to  vertebrate  sanguinivory  probably  evolved  from  fluid- feeding 
insectivory  (Brues  1972) . 

Within  the  plant-feeding  group  there  is  a  variety  of  diets,  host- 
specificities  and  mouthpart- related  adaptations  for  extracting  liquid 
nutriment  from  subsurface  tissue.  All  plant  organs,  including  roots, 
leaves,  stems  and  various  reproductive  structures,  are  attacked.  Many 
species,  such  as  coccoids  (Risebrow  and  Dixon  1987)  are  restricted  to 
particular  host  species,  whereas  others,  such  as  cicadas,  are  less 
restricted  and  may  feed  on  roots  as  nymphs  and  twigs  and  leaves  as 
adults  (Brues  1972).  For  both  host-specific  and  host-nonspecific 
members  there  is  frequently  a  subdivision  of  plant  tissue  use,  with 
forms  with  long  beaks  piercing  deep  vascular  tissue  and  those  with  short 
beaks  feeding  on  leaf  epidermis  or  mesophyll  (Carter  1962) ;  other 
studies  (e.g.  Hajek  and  Dahlsten  1986)  have  concluded  that  leaf  pheno- 
logical  state  is  important  in  this  context. 

Host  specificity  is  probably  best  demonstrated  in  the  phloem¬ 
feeding  guild  which  comprises  homopterans  belonging  to  the  Psylloidea, 
Aleyroiidea,  Aphidoidea  and  Coccoidea.  These  four  groups  feed  by 
inserting  stylets  deep  into  vascular  tissue  and  line  the  puncture  with  a 
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mucilaginous,  hardened  sheath  that  allows  for  stylet  movement  (Barbosa 
and  Wagner  1989) .  Forms  without  a  stylet  sheath  are  not  phloem  feeders 
and  simply  puncture  individual  cells  or  intercellular  material  directly. 
Host  psyllids  and  aleyrodids  are  often  polyphagous  on  woody  plants 
whereas  most  coccoids  (scale  insects)  are  monophagous  on  woody  plants. 
Within  the  Aphidoidea,  most  exhibit  host-specificity  (Heie  1967, 

Risebrow  and  Dixon  1987)  and  more  than  50%  are  host-specific  to  a  single 
plant  genus  (Eastop  1973) .  All  four  groups  remove  vast  quantities  of 
sap  from  the  hosts,  most  of  which  is  secreted  a  sugary  honeydew--a  waste 
byproduct  resulting  from  the  simultaneous  removal  of  vast  quantities  of 
sap  from  plant  hosts  and  the  retention  of  low  quantities  of  sap  amino 
acids  essential  for  insect  nutrition  (Mitter  1958) .  This  honeydew  in 
turn  is  consumed  by  ants  as  food  (Schowalter  et  al.  1988;  Section  8.3.6) 
and  the  aphids  are  accordingly  protected  from  predators  since  their 
honeydew  is  a  valuable  food  sources  for  ants .  Because  of  the  low  levels 
of  amino  acids  in  plant  saps,  most  phloem- feeders  feed  virtually 
continuously  and  extraction  rates  of  amino  acids  range  from  55%  or  more 
(Mitter  1958).  Phloem- feeders  can  introduce  viruses  and  toxic  saliva 
chemicals  into  plant  vascular  systems  (Risebrow  and  Dixon  1987)  and 
plants  are  known  to  secrete  sap  allelochemicals  (Wink  et  al.  1982)  and 
exude  surface  phagodeterrants  to  deter  predation  as  well. 

There  are  two  fundamental  strategies  of  extracting  amino  acids 
from  plant  tissues.  One  is  sap-sucking  and  thus  increase  sap  through¬ 
put,  as  mentioned  above  for  homopterans.  The  other  is  to  engage  in 
selective  feeding,  as  in  heteropterans  that  consume  on  seeds,  flower 
buds  and  shoot  meristems  (Southwood  1973) .  An  example  of  the  second 
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strategy  are  seed  bugs  that  include  members  of  the  Coreidae,  Lygaeidae, 
Miridae,  Pentatomidae ,  Pyrrhocoridae  and  a  few  other  less  diverse 
families  (Slansky  and  Panizzi  1987).  Seeds  contain  from  2  to  60% 
protein  (dry  weight)  and  from  1  to  over  70%  oil  (Jones  and  Earle  1966) , 
although  many  seeds  contain  toxic  substances  such  as  glycosides,  alka¬ 
loids  and  polyphenols  to  repel  predators  (Herrera  1982) .  Other  devices 
for  limiting  predation  include  small  seed  size  and  restriction  of 
temporal  availabilty.  Nevertheless  seed  predation  is  a  nutritionally 
profitable  enterprise:  seed- suckers  typically  inject  watery  saliva  with 
digestive  enzymes  after  puncturing  endosperm  and  suck  out  the  liquified 
slurry  in  a  "lacerate -and- flush"  technique  (Goodchild  1966). 

Segmented-beak  heteropterans  have  radiated  several  times  into 
various  predatory  niches  in  freshwater  and  to  a  lesser  extent,  marine 
ecosystems  (Cobben  1978,  Andersen  1982).  These  dominately  insectivorous 
and  small  vertebrate  predating  forms  have  invaded  the  water  surface , 
neuston,  benthic  and  nektonic  zones  of  water  bodies.  For  example, 
nektonic  belostomatids  (predaceous  diving  bugs)  are  up  to  11cm  long  and 
prey  on  other  insects,  small  fish  and  tadpoles,  whereas  gerrids  (pond 
skaters)  feed  on  insects  on  the  water  surface  (Sih  1987) ,  and  noto- 
nectids  (backswimmers )  feed  on  small  insects  among  subaquatic  plants 
(Richards  and  Davies  1977). 

The  plant- feeding,  piercing- and- sucking  functional -feeding- group , 
which  is  dominated  by  segmented-beaks ,  is  an  important  component  of 
plant  consumers  in  virtually  all  ecosystems.  Moran  and  Southwood  (1982) 
determined  that  the  sap -sucking  guild  was  a  major  component  of  the 
arthropod  fauna  from  British  and  South  African  trees.  Stork  (1987) 
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arrived  at  the  same  conclusion  and  demonstrated  that  the  proportional 
composition  of  the  sap -sucking  guild  was  not  appreciably  different 
between  English  cool- temperate  forest  and  Bornean  rainforest.  In 
various  plant  groups  inventories  of  the  proportional  distribution  of 
various  feeding  guilds  have  shown  that  sap -suckers  are  an  important 
component.  This  importance  has  been  documented  for  Cryptomeria  (Taxodi- 
aceae)  trees  in  Japan  (Hijii  1986),  thistles  (Asteraceae)  in  southern 
California  (Goeden  and  Ricker  1987b)  and  for  Baccharis  (Asteraceae) 
shrubs  in  Texas,  Louisiana  and  northern  Mexico  (Palmer  1987).  Lastly, 
in  addition  to  ingesting  fluid  food,  segmented-beak  members  are  known  to 
be  incidental  pollinators  (Porsch  1957,  Kevan  and  Baker  1984). 

Structural  Themes.  Two  fundamental  structural  themes  are  clearly 
defined  within  the  Segmented  Beak  Mouthpart  Class .  The  first  theme  is 
Subcluster  1  (data-set  entries  224  to  236  of  Fig.  99)  which  contains 
98.5%  heteropterans ,  whereas  the  second  theme  (Subcluster  2,  291  to  257) 
is  characterized  by  a  90%  dominance  of  homopteran  taxa.  The  differences 
between  these  two  subclusters  are  minor  and  involve  consistently  only 
five  characters.  Some  important  subthemes  occur  in  both  subclusters. 

The  first  theme  notably  comprises  taxa  whose  opisthognathous 
mouthparts  are  placed  sternorrhynchously  on  the  head- -that  is,  the 
mouthparts  are  held  under  the  venter  of  the  head  and  thorax.  Other 
features  include  the  presence  and  frequent  prominence  of  a  gula, 
filiform  antennae,  an  epipharynx  with  a  prelabral  gutter  and  sensory 
organ  forming  the  ventral  part  of  the  food  pump  and  mandibular  stylets 
that  tend  to  be  barbate  or  serrated.  The  most  interesting  subtheme  is 
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FIGURE  99 .  Cluster  analysis  dendrogram  of  taxa 
comprising  the  Segmented  Beak  Mouthpart  Class. 
See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes . 
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isolation  of  various  sanguinivorous  forms,  including  reduviids  (taxa  270 
to  272)  and  the  bedbug  Cimex  lectularis  Linneaus  (268)  into  separate 
subclusters . 

By  contrast  the  second  theme  consists  of  homopteran  taxa  whose 
mouthparts  characteristically  are  auchenorrhynchously  attached  to  the 
head,  projecting  below  the  neck.  Other  distinguishing  characters 
include  the  absence  of  a  gula,  setaceous  antennae,  a  membranous  epiphar- 
ynx  and  mandibles  that  tend  to  be  edentate  and  serrated.  Interesting 
subclustering  patterns  involve  the  presence  in  the  homopteran  dominated 
subclusters  of  the  only  filter- feeding  forms,  the  heteropterans  Corixa 
punctata  (Illiger)  (233)  and  Hesperocorixa  interrupta  (Say)  (234). 

These  taxa  have  a  modification  of  the  beak  into  a  stout,  funnelform, 
filter- feeding  organ  (Benwitz  1956).  Also,  the  blind,  parasitic  to 
semiparasitic  heteropterans  Hesperoctenes  cartus  Jordan  (269)  and  Termi- 
tiaradus  panamensis  Myers  (274)  form  a  separate  subcluster,  as  does  the 
somewhat  distinctive  Corythuca  ciliata  Say  (257)  of  unknown  habits. 

These  heteropteran  taxa  are  atypical  structurally  and  ecologically  when 
compared  to  those  heteropterans  occurring  in  the  subcluster  of  the  first 
theme . 

Geochronologic  History.  Two  major  features  of  the  geochronologic 
history  of  the  segmented-beak  mouthpart  class  are  discussed  in  this 
section.  First  is  the  historical  record  provided  by  fossils.  Second 
are  various  ideas  and  data  from  the  biogeography  and  phylogeny  of  Recent 
clades  of  segmented-beaks  and  their  angiosperm  plant  hosts  for  the 
timing  of  various  coevolutionary  relationships.  From  the  fossil  record 
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and  phylogenetic  relationships  of  the  segmented-beak  mouthpart  class 
shown  in  Fig.  100,  two  major  diversification  events  are  evident.  An 
earlier  event  during  the  Late  Carboniferous  to  Early  Permian  represents 
the  radiation  of  several  plant- feeding  homopterans  (Popov  1980,  Bekker- 
Migdisova  1985) .  In  uppermost  Carboniferous  deposits  of  the  Kusnetsk 
Basin  in  central  Asia  [97]  and  Lower  Permian  deposits  [89]  of  the  USSR 
the  most  plesiomorphic  homopteran  clade,  the  Archescytinomorpha,  are 
first  recorded  (Bekker-Migdisova  1960) .  Also  in  the  same  Kusnetsk 
deposits  occur  species  of  the  slightly  less  plesiomorphic  Prosobolo- 
morpha  (Bekker-Migdisova  1960).  From  the  Late  Permian  of  the  USSR  [87], 
the  cixiid  fulgoroidean  Scytocixius  mendax  Martynov  1937  signals  the 
earliest  occurrence  of  the  extant  clade,  Cicadomorpha.  A  fulgoroidean 
cicadomorphan,  Mundus  nodosus  Bekker-Migdisova  1960  is  also  known  from 
penecontemporaneous  deposits  in  the  USSR  [86],  as  is  the  earliest  known 
psyllomorph,  Permaphidopsis  sojanensis  Bekker-Migdisova  1960,  although 
Wootton  and  Popov  (1977)  consider  this  latter  taxon  an  archescytino- 
morphan.  If  Bekker-Migdisova' s  identification  is  correct,  the  existence 
of  the  sister-group  to  the  Psyllidae,  the  Aleyrodidae  (whiteflies)  also 
occurred  during  the  Late  Permian. 

Although  Kaltanaphis  permiensis  Bekker-Migdisova  1959  from  the 
lower  Upper  Permian  of  the  Kusnetsk  Basin  [97]  was  once  considered  an 
early  aphid,  it  lacks  the  basic  synapomorphies  of  the  group  (Szelegie- 
wicz  and  Popov  1978,  Hennig  1981);  it  is  probably  an  archescytino- 
morphan.  The  earliest  assured  aphid  is  Penaphis  circa  Lin  1980  from  the 
Middle  Jurassic  of  China  [64]  (Jarzembowski  1989)  and  the  earliest 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


584 


occurrence  of  the  sister-group  to  the  Aphidoidea,  the  Coccoidea  (scale 
insects) ,  may  be  Mesococcus  asiaticus  Bekker-Migdisova  from  the 
Triassic/Jurassic  boundary  of  the  USSR  [73]  ,  although  the  earliest 
convincing  coccoid  is  significantly  younger.  The  extinct  Progono- 
cimicimorpha,  in  many  ways  is  structurally  transitional  between  the 
Homoptera  and  Heteroptera  (Popov  and  Wootton  1977) ,  originated  during 
the  Early  Permian  and  existed  until  the  Late  Cretaceous [46 ]  (Kormilev 
and  Popov  1986) . 

The  second  or  later  event  was  the  radiation  of  aquatic  and  terres¬ 
trial  heteropterans  during  the  later  Triassic  (Fig.  100).  Although  both 
aquatic  predaceous  and  terrestrial  herbivorous  taxa  appear  early  during 
this  diversification,  the  aquatic  infraorders  comprise  forms  that  can  be 
placed  in  modern  families  whereas  the  terrestrial  infraorders  represent 
extinct  families  (Whalley  1985).  For  the  plesiomorphous  aquatic 
infraorder  Enicocephalomorpha  the  earliest  representative  is  Cuneocoris 
geinitzi  Handlirsch  1908  (Popov  and  Wootton  1977)  from  the  Lower 
Jurassic  of  Germany  [68]  (Popov  and  Wootton  1977).  Its  sister-group, 
the  aquatic  and  predatory  Gerromorpha  enters  the  known  fossil  record  in 
the  Late  Triassic  of  Virginia  [76],  Nepomorphans ,  including  some  of  the 
largest  aquatic  insects  known,  first  occur  in  the  slightly  younger  Upper 
Triassic  of  Australia  [74]  and  includes  the  triassocorid  Triassocoris 
myersi  Tillyard  1923.  Later -occurring  gerromorphans  include  the 
belostomatid  (giant  water  bug)  Mesonepa  (Whalley  1985)  from  the  Lower 
Jurassic  of  England  [69]  and  the  corixid  (water  boatman)  Yanliaocorixa 
chinensis  Lin  (Hong  1983)  from  the  Middle  Jurassic  of  China  [64] .  The 
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FIGURE  100.  Geochronologic  history  of  the  Segmented  Beak  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  correspon¬ 
ding  to  each  fossil  occurrence.  The  phylogram  is  after  Rieger 
(1976),  Popov  (1980),  Kristensen  (1981)  and  Strttmpel  1983.  The  taxo¬ 
nomic  level  of  analysis  is  the  infraorder.  The  outgroup  is  Thysano- 
ptera.  These  fossil  occurrences  are  not  a  complete  inventory  of  all 
documented  fossil  members  of  this  mouthpart  class. 
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remaining  infraorder,  the  terrestrial  Cimicimorpha,  first  occurs  in  the 
same  Chinese  deposit  (Hong  1983)  and  its  constituent  Miridae  (plant 
bugs) ,  Anthocoridae  (minute  pirate  bugs)  and  Microphysidae  are  known 
from  later  Jurassic  and  Cretaceous  deposits  [60,53,37]  (Popov  1968,  Jell 
and  Duncan  1986,  Zherikin  and  Sukacheva  1973,  respectively).  The 
enigmatic,  freshwater- inhabiting,  gerrid-like  Chresmodidae  from  Middle 
Mesozoic  deposits  has  been  considered  variously  as  phasmids  (Martynov 
1928) ,  a  surviving  member  of  the  Late  Paleozoic/Triassic  Paraplecoptera 
(Martinez -Delclds  1989)  and  heteropterans  on  water  surfaces  (Popov 
1980),  although  Baudoin  (1980)  demonstrated  that  one  species  was  too 
large  to  be  supported  by  surface  water  tension.  Popov  (1971) ,  Cobben 
(1978)  and  Andersen  (1982)  have  provided  monographic  accounts  of  various 
aspects  of  this  heteropteran  radiation. 

Although  all  homopterans  are  essentially  herbivorous,  hetero¬ 
pterans  are  both  herbivorous  and  insectivorous .  This  fact  and  a 
detailed  analysis  of  mouthpart  structures  led  Cobben  (1978)  to  pose  a 
primarily  insectivorous  and  hydrophilous  life -habit  as  ancestral  for 
heteropterans  (see  also  Southwood  1973) .  Sweet  (1979)  presented 
contrary  evidence  and  marshalled  paleontological,  morphological, 
ecological  and  phylogenetic  evidence  to  indicate  that  heteropterans  were 
primitively  herbivorous  like  their  sister-group,  the  Homoptera.  While 
the  debate  continues,  there  is  widespread  agreement  that  the  ancestral 
homopteran  was  a  sap-sucking  herbivore  (Heie  1967,  Popov  1980,  but  see 
Goodchild  1966) ,  a  conclusion  that  led  Downes  and  Dahlem  (1987)  to 
propose  that  homopteran,  sugar -rich  honeydew  was  the  original  food 
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resource  for  labellate  adult  dipterans  during  the  preangiospermous 
Mesozoic.  Thus  the  fleshy,  sponging,  pseudotracheate  labellum  of 
dipterans  (see  Section  8.5.3)  was  exapted  to  later  sequester  nectar  as  a 
food  source  when  anthophily  became  dominant.  This  general  theme  was  re- 
expressed  by  Grinfel'd  (1961)  who  postulated  that  aphid  honeydew  was  a 
major  food  source  in  the  development  of  ants  (see  Section  8.3.6). 

There  is  considerable  evidence  that  many  homopteran/vascular  plant 
associations  are  pre-Gondwanan  (Early  Mesozoic)  in  origin,  conservative 
in  evolutionary  mode  and  only  gradually  accomodating  to  host  shifts, 
with  wholesale  host  shifts  on  taxonomically-unrelated  hosts  rare. 
Examples  of  this  phenomenon  include  psyllids  (Hodkinson  1985,  1989)  and 
aphids  (Eastop  1973).  Additional  supportive  evidence  is  recent  documen¬ 
tation  by  Moran  (1989)  of  coevolutionary  constancy  in  an  aphid/moss/ 
sumac  plant  partnership  for  the  past  48  million  years .  These  observa¬ 
tions  are  seemingly  at  odds  with  a  recent  evaluation  of  whether  herbi- 
vory  has  promoted  demonstrable  diversification  in  insect  clades  with 
nonherb ivorous  sister-groups  (Mitter  et  al.  1988).  For  virtually  all 
groups  of  examined  herbivorous  clades  among  homopterans  and  hetero- 
pterans  there  was  evidence  for  significantly  greater  taxonomic  diversi¬ 
fication  in  the  herbivorous  sister-group  than  in  the  nonherb ivorous 
sister-group.  The  solution  to  these  two  types  of  data  and  contrary 
conclusions  may  involve  acceptance  of  homopteran  lineages  diversifying 
on  particular  host  taxa,  but  inferring  that  the  taxonomic  range  of 
colonized  plant  taxa  has  an  upper  limit  and  in  some  cases  may  constrain 
ultimately  homopteran  clade  diversity. 
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Previous  Designations.  The  mouthpart  grouping  that  is  herein 
termed  the  segmented-beak  has  a  long  history  of  being  recognized  by 
entomologists  (Table  6) .  Aristotle  apparently  did  not  make  a  reference 
to  it.  Within  the  premodern  era  Fabricius  (1775)  referred  to  a  particu¬ 
lar  insectan  group,  the  Ulonata,  as  forms  possessing  a  "maxillae  covered 
by  a  sheath"  but  considered  the  possessors  of  this  condition  as  essen¬ 
tially  mandibulate.  Fabricius  later  (1799)  refined  this  designation  by 
considering  the  same  group  of  insects ,  renamed  "Rhyngota"  as  bearing 
sucking  mouthparts  and  possessing  "for  the  mouth  a  chitinous,  jointed, 
hinged  proboscis,"  which  were  contrasted  to  different  mouthpart  struc¬ 
tures  in  the  Glossata  (=Lepidoptera)  and  Antliata  (=Diptera) .  MacLeay 
(1821)  subsequently  divided  insects  into  two  series,  the  Mandibulata  and 
the  Haustellata,  and  ordinated  these  series  into  five  developmentally- 
based  groups.  His  fourth  category  was  "metamorphosis  half- complete ; 
larvae  similar  to  adult"  in  which  he  considered  the  mandibulate  version 
as  "Orthoptera"  (undoubtedly  sensu  lato )  and  the  haustellate  version  as 
"Hemiptera."  In  a  standard  textbook,  Kirby  and  Spence  (1826)  devised  a 
key  for  insects  which  dichotomized  forms  into  those  with  mandibulate 
mouthparts  and  those  with  haustellate  mouthparts.  The  Hemiptera  was 
considered  a  haustellate  group.  Finally,  the  noted  French  entomologist, 
Latreille  (1832)  considered  hemipterans  as  the  only  group  of  "elytro- 
pterous"  insects  with  sucking  mouthparts. 

Recently,  what  is  herein  considered  as  the  Segmented  Beak  Mouth¬ 
part  Class  has  been  referred  to  in  functional  and  taxonomic  terms  as  the 
"hemipterous  subtype"  of  the  "piercing- and- sucking"  type  by  Metcalf 
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(1929)  and  Metcalf  et  al.  (1962),  and  the  "hemipteran  type"  of  the 
piercing- sucking  group  by  James  and  Harwood  (1969)  (Table  6) .  Previous 
terms  designating  this  mouthpart  type  have  focused  on  the  taxonomic 
description  "hemipteran"  or  the  functional  term  "p iercing- and- sucking. " 
These  terms  do  not  refer  to  the  structurally  most  important  feature  of 
the  mouthpart  type:  the  segmented-beak.  Additionally,  "piercing- and - 
sucking"  can  apply  to  almost  half  of  the  mouthpart  classes  of  this 
study.  For  these  reasons,  I  am  appropriating  the  term,  segmented-beak, 
as  a  name  for  this  class.  Recent  extensive  treatments  of  this  mouthpart 
class  are  provided  by  Matsuda  (1965),  Denis  and  Bitsch  (1973),  Cobben 
(1978)  and  Smith  (1985). 

Review  of  Literature.  The  mouthpart-  and  head-related  literature 
of  the  Segmented  Beak  Mouthpart  Class  is  voluminous.  In  the  ensuing 
discussion  I  will  define  particular  themes  within  this  literature, 
citing  important  sources  of  documentation.  Although  this  review  is  not 
comprehensive,  hopefully  it  will  provide  insight  into  the  types  and 
traditions  of  research  on  segmented-beak  mouthparts . 

Several  major  monographic  accounts  of  segmented-beak  head  and 

mouthpart  structure  have  been  published,  the  most  notable  which  is 

■0 

Cobben' s  (1978)  exhaustive  compilation  of  heteropteran  mouthpart 
(especially  stylet)  structure  in  his  detailed  analysis  of  feeding 
mechanisms  among  the  Heteroptera.  Earlier,  Spooner  (1938)  extensively 
documented  head,  beak  and  stylet  structure  for  representative  genera 
within  most  commonly -occurring  heteropteran  and  homopteran  families. 
Kramer  (1950)  discussed  mouthpart  structure  in  his  study  of 
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auchenorrhynchous  homopteran  evolution.  Barth  (1952,  1953)  investigated 
stylet  structure,  piercing  mechanism  and  mode  of  feeding  in  the  sangui- 
nivore  Triatoma  infestans  (Klug) .  Subsequently  Pollard  (1973,  1977) 
extended  these  studies  to  herbivorous  forms,  presenting  reviews  explain¬ 
ing  the  mechanism  of  plant  damage  by  aphids .  More  peripheral  but 
important  major  investigations  of  head  and  mouthpart  structure  include 
Mordvilko's  (1934)  neontologically  oriented  review  of  aphid  evolution, 
Goodchild's  (1966)  examination  of  alimentary  canal  structure  and  the 
evolution  of  feeding  habits  in  hemipterans,  and  lastly  Miles'  (1987)  and 
Klingauf's  (1987)  discussions  on  feeding  adaptations  and  feeding 
behavior  in  hemipterans ,  especially  aphids  and  hoppers . 

General  reviews  of  the  structure  and  homologies  of  the  hemipteran 
cranium  and  its  mouthparts  are  those  of  Geise  (1883),  Marlatt  (1895), 
Meek  (1903),  Bugnion  and  Popoff  (1911)  and  Muir  and  Kershaw  (1911, 

1912) .  These  studies  were  followed  by  more  detailed  examinations  that 
documented  the  comparative  structure  and  inferred  phylogenetic  rela¬ 
tionships  of  many  more  taxa.  Examples  include  Evans  (1938) ,  Butt 
(1943) ,  Parsons  (1964) ,  Puchova  (1970) ,  Singh  (1971)  and  Hamilton 
(1981).  Many  of  these  studies  derived  inspiration  from  Weber's  (1928) 
classic  study  of  the  mechanism  of  hemipteran  stylet  action  and  tissue 
penetration.  Specific  anatomic  regions  of  the  hemipteran  cranium  and 
mouthparts  have  garnered  special  attention  by  morphologists  and  include 
the  maxillary  plates  (Snodgrass  1938,  Evans  1973,  Bourgoin  1986), 
structure  and  mechanism  of  the  salivary  and  food  pumps  (Servadei  1946; 
Qadri  1951,  1959;  Popham  1962;  Saxena  1963;  Parsons  1963,  1966a, b,  1972 
and  Rastogi  1965),  cephalic  glands  (Banks  1939,  Parsons  1958),  labium 
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structue  (Parsons  1966c,  1969;  Stys  1969;  Jarial  et  al.  1969),  stylet 
ultrastructure  and  penetration  mechanism  (Wedde  1885;  Forbes  1969,  1972, 
1976,  1977;  Forbes  and  Mullick  1970;  Forbes  and  Raine  1973),  and 
documentation  of  the  watchspring- like  condition  of  many  exceptionally 
long  stylets  that  are  housed  in  cephalic  capsules  (Spooner  1920,  China 
1931,  Cobben  1978). 

Studies  specifically  focusing  on  head  and  mouthpart  structure  of 
usually  economically  important  species  are  an  important  source  of  data¬ 
set  documentation.  For  heteropterans  the  following  taxa  have  been 
documented:  the  nepid  Ranatra  fusca  Beauvois  by  Neiswander  (1926);  the 

belostomatids  Belostoma  indicus  Le  Peletier  and  Servadei  by  Verma  et  al. 
(1973),  and  Benacius  griseus  (Say)  and  B.  uhleri  (Montandon)  by  Parsons 
(1966);  the  corixid  Corixa  punctata  Illiger  by  Benwitz  (1956);  the 
gelastocorid  Gelastocoris  oculatus  (Fabricius)  by  Parsons  (1959);  the 
ochterid  Ochterus  marginatus  Latreille  by  Rieger  (1975) ;  the  naucorid 
Naucoris  cimicoides  Linneaus  by  Bekker  (1929);  the  gerrid  Gerris  remiges 
Stal  by  Wirtz  (1987) ;  the  pyrrhocorids  Dysdercus  cingulatus  Fabricius  by 
Rathore  (1961),  D.  fasciatus  Signoret  by  Khan  (1972),  D.  intermedius 
Distant  by  MacGill  (1907)  and  D.  koenigii  Fabricius  by  Kumari  (1955); 
and  the  coreid  Anasa  tristis  DeGeer  by  Tower  (1914) .  For  homopterans 
the  following  taxa  have  been  described:  the  cicadids  Magicicada  sp.  by 
Snodgrass  (1921)  and  Platypleura  octoguttata  by  Murti  (1929) ;  the 
cicadellids  Idiocerus  atkinsoni  Lethierry  by  Arora  and  Singh  (1962),  I. 
clypealis  Lethierry  by  Qadri  (1949)  and  Typhlocyba  ulmi  Linneaus  by 
Willis  (1949);  the  psyllid  Psylla  mail  Schmidberger  by  Grove  (1919), 
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Brocher  (1925)  and  Weber  (1928) ;  and  the  aphidid  Eriosoma  lanigera 
(Hausmann)  by  Davidson  (1914) . 

Another  source  of  head  and  mouthpart  data  originates  from  taxono¬ 
mic  monographs  or  shorter  works  of  species-  or  genus -level  systematics 
or  descriptions  of  taxa  for  existing  or  newly-erected  families.  Hetero- 
pteran  examples  include  the  following  taxa  and  their  documentors :  the 
dipsicorid  Hypsipteryx  machadoi  Drake  by  Stys  (1970) ,  the  nepid  Nepa 
cinera  Linneaus  by  Hamilton  (1931) ,  the  helotrephid  Neotrephes  usingeri 
China  by  China  (1935) ,  the  paraphrynovelid  Paraphrynovelia  brincki 
Poisson  by  Anderson  (1978),  the  gerrid  Gerris  najas  DeGeer  by  Brinck- 
hurst  (1960) ,  the  gerrid  Hermatobates  weddi  China  by  China  (1957) ,  the 
omaniid  Omania  coleoptrata  Cobben  by  Cobben  (1970) ,  the  leotichiid 
Leotichius  glaucopis  Distant  by  China  (1933) ,  the  leptopodid  Leptopus 
marmoratus  Goeze  by  China  (1933),  the  joppeicid  Joppeicus  paradoxus 
Puton  by  China  (1955)  and  Davis  and  Usinger  (1970),  the  vianaidid 
Anommatocoris  minutissimus  China  by  China  (1945)  and  Drake  and  Davis 
(1959),  the  medocostid  Medocostes  lestoni  Stys  by  Stys  (1967),  the 
plokiophilid  Plokiophiloides  pilosus  Caryon  by  Caryon  (1974) ,  the 
polyctenid  Hesperoctenes  car tus  Jordan  by  Ferris  and  Usinger  (1939),  the 
termitiaphidid  Termitiaradus  panamensis  Myers  by  Myers  (1924) ,  the 
idiostolid  Idiostolus  insularis  Berg  by  Scudder  (1962) ,  the  piesmatid 
Piesma  cinerum  (Say)  by  Drake  and  Davis  (1958)  and  the  hyocephid 
Hyocephalus  apragnus  Bergroth  by  Stys  (1964) .  Homopteran  examples 
include  the  following  taxa  and  their  documentors :  the  tettigonometrid 
Phalix  titan  Fennah  by  Fennah  (1952)  ,  the  eurybrachid  Eurybrachys 
tomentosa  Fabricius  by  Chatterjee  (1933),  the  lophopid  Pyrilla 
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perpusilla  (Walker)  by  Qadri  and  Aziz  (1950),  the  nogodinid  Bladina  sp. 
by  Fennah  (1952)  and  Kramer  (1976) ,  the  hypochthonellid  Hypochthonella 
caeca  China  and  Fennah  by  China  and  Fennah  (1952) ,  the  cicadellid 
Idiocerus  sp.  by  Tribout  (1956),  the  aleyrodid  Trialeurodes  vaporari- 
orium  (Westwood)  by  Hargreaves  (1915),  the  adeligid  Cnaphalodes  sCrobi- 
lobius  Kaltenbach  by  Speyer  (1923),  the  phylloxerid  Phylloxera  sp.  by 
Duncan  (1922)  and  Maillet  (1957),  the  stictococcid  Stictococcus  rnulti- 
spinosis  Newstead  by  Richard  (1971),  the  pseudococcid  Pseudococcus  sp. 
by  Makel  (1942),  Jancke  (1955)  and  Giliomee  (1961),  the  dactylopiid 
Dactylopius  austrinus  DeLotto  by  DeLotto  (1974) ,  the  kerrid  Laccifer 
lacca  Kerr  by  Stebbing  (1910)  and  Imms  and  Chatterjee  (1915),  the 
besoniid  Beesonia  dipterocarpi  Green  by  Green  (1926) ,  the  conchaspidid 
Conchaspis  vayssieri  Mamet  by  Mamet  (1954)  and  the  phoenicococcid 
Palmar icoccus  nesiotes  (Laing)  by  Zimmerman  (1948).  Many  of  these  data 
sources  are  descriptions  of  newly  discovered  species  that  became  the 
basis  for  the  establishment  of  new  families.  Often  such  sources  were 
the  only  data  for  head-  and  mouthpart- related  features  for  these 
species . 

Finally,  other  studies  of  segmented-beak  mouthparts  have  delved 
into  the  mechanism  of  stylet  penetration  of  plant  (particularly  phloem) 
tissues  and  vertebrate  capillaries.  Observational  data  on  homopteran 
penetration  of  phloem  and  xylem  tissues  include  Mitter  et  al.  (1957, 
1958)  for  uptake  of  Salix  (willow)  phloem  sap  by  the  aphid  Tubero- 
lachnus  salignus  (Gmelin) ,  Pollard  (1959)  for  the  tissue  preferences  of 
the  tingid  Urentius  aegypticus  Bergevin  on  Solanum  (eggplant) ,  McAllan 
and  Adams  (1961)  for  use  of  pectinase  by  aphids  in  the  penetration  of 
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plant  tissue,  Evert  et  al.  (1968)  for  stylet  penetration  of  Tilia 
(linden)  branches  by  the  aphid  Longistigma  caryae  (Harrison) ,  Tedders 
and  Thompson  (1981)  on  an  histological  investigation  of  feeding  damage 
to  Prunus  (peach)  foliage  by  three  aphid  species,  Kimmins  and  Tjallingii 
(1985)  who  examined  sieve  element  penetration  by  aphid  stylets  (see  Peel 
[1975]  for  a  review)  and  Walker  (1985)  who  measured  the  effect  of  leaf 
age  on  stylet  penetration  by  the  aleyrodid  Parabemisa  myricae  (Kuwana) . 
Bornman  and  Botha  (1973)  and  Dixon  (1975)  have  provided  reviews  of  the 
nutritional  ecology  and  feeding  of  aphids  on  phloem.  The  heteropteran 
counterpart  of  phloem- stylet  research  is  more  limited  but  involves 
studies  of  stylet  penetration  of  blood  capillaries  by  various  sanguini- 
vores,  particularly  Triatoma  infestans  (Klug)  and  Cimex  lectularis 
Linneaus  (Dickerson  and  Lavoipierre  1959,  Lavoipierre  et  al.  1959, 
Bernard  1974  and  Haridass  1985).  Exquisite  scanning  electron  micro¬ 
graphs  of  heads  and  stylets  are  provided  by  Cobben  (1978)  and  Eisenbeis 
and  Wichard  (1987). 

8.9.3.  Buccal-Cone  Class 
(Class  25) 

Description.  Head  quadrate  to  porrect;  proboscis  short  to 
occasionally  long.  Genae  absent;  gula  prominent.  Antennae  filiform, 
rarely  serrate;  ocelli  absent;  compound  eyes  absent,  rarely  present. 
Mouthparts  prognathous,  protractile,  stylate-haustellate  (rarely 
norihaustellate?) ,  with  two  (rarely  one)  stylets.  Food  pump  cibarial, 
clypeal,  or  both. 
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Clypeus  quadrate,  infrequently  otherwise.  Labrum  variously 
shaped,  undivided,  with  an  apertuate  or  notched  apex,  forming  a  stylet- 
guide.  Hypopharynx  long  and  sty late,  with  a  salivary  syringe;  epi- 
pharynx  membranous.  Mandibles  monocondylic;  dimunitive;  excavate; 
edentate;  characterized  by  musculation  of  protraction/retraction. 
Maxillae  with  stipes  equant  or  elongated,  apalpate,  bearing  a  tubulate, 
amplexiform  galeae  only.  Labium  with  basal  region  transversely  elon¬ 
gate,  apalpate  and  bearing  a  ligulate  stylet.  Interregional  co-optation 
of  mouthpart  elements  present. 

Key  Phenocharacters .  The  most  distinctive  attribute  of  the 
buccal -cone  mouthpart  class  is  the  unique  arrangement  of  the  two 
mouthpart  stylets  that  originate  from  unpaired  mouthpart  elements. 

These  are  the  hypopharyngeal  "dorsal  stabber"  and  the  labial  "ventral 
stabber"--an  association  that  is  not  found  in  any  other  mouthpart  class. 
Most  buccal-cone  mouthparts  are  extremely  reduced  or  absent;  maxillary 
and  labial  palps  are  absent  and  apparently  there  has  been  incorporation 
of  mandibular  sclerites  (the  mandible  itself?)  into  the  buccal -cone 
wall.  Further  reductions,  indicative  of  an  ectoparasitic  life-habit  are 
the  absence  of  ocelli  and  the  frequent  absence  of  compound  eyes .  (When 
compound  eyes  are  present,  they  are  significantly  reduced.) 

The  buccal-cone  mouthpart  class  is  probably  most  similar  to  the 
mouthcone  mouthpart  class  discussed  in  Section  8.9.4.  Substantive 
differences  between  the  two  include  the  unique  hypopharyngeal  and  labial 
stylet  arrangement,  palpal  absence,  and  absence  of  functioning  mandibles 
among  buccal -cone  mouthparts,  as  well  as  the  prognathous  placement  of 
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buccal-cone  mouthparts  compared  to  the  opisthognathous  placement  of 
mouthcone  mouthparts.  Although  the  segmented-beak  (Section  8.9.2)  and 
buccal-cone  conditions  are  both  stylate-haustellate  mouthpart  classes 
that  lack  palpi,  the  segmented  beak  condition  possesses  features  not 
found  in  the  buccal-cone  group.  These  include  a  prominent  bulging 
clypeal  pump ,  paired  mandibular  stylets ,  ocellar  presence  and  other 
features  indicative  of  a  nonparasitic  life-habit.  Lastly,  the  haemato- 
myzid  proboscis  resembles  the  rhynchophorate  rostrum  (Section  8.3.10)  to 
the  point  that  in  both  cases  mandibles  are  located  terminally  on  long 
proboscides  and  are  rotated  180°  for  outward  "adduction. "  Although 
these  structures  are  used  to  bore  or  puncture  through  tough  substrates 
and  originated  independently,  there  are  other  head-  and  mouthpart- 
related  differences  that  differentiate  haematomyzids  and  rhynchopho rates 
according  to  their  respective  ectoparasitic  and  free-living  life-habits. 

Diversity  and  Natural  History.  The  buccal-cone  mouthpart  class 
consists  of  small,  blind,  wingles  ectoparasites  of  eutherian  mammals 
that  are  sanguinivorous  and  have  dorsoventrally  flattened  bodies .  They 
are  highly  adapted  to  the  skin  and  fur  environment  of  their  mammalian 
hosts  and  parasitize  all  mammalian  groups  except  monotremes,  marsupials, 
xenarthran  sloths,  pangolins,  whales  and  sirenians  (Kim  1988).  Most 
(67%)  are  found  on  rodents  and  buccal -cones  rarely  parasitize  carni¬ 
vores.  Although  cosmopolitan  in  distribution  they  are  especially 
abundant  in  the  Ethiopian  Region,  where  they  account  for  more  than  35% 
of  all  species  (Kim  1988) .  Members  of  the  buccal -cone  class  include  of 
all  anoplurans  and  the  single  mallophagan  family,  Haematomyzidae, 
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consisting  of  two  species,  one  on  African  and  Indian  elephants  and  the 
other  on  wart-hogs.  This  taxonomic  base  translates  to  a  diversity  of  16 
families,  43  genera  and  493  species  (Appendix  D) ,  corresponding  to  a 
rank-order  of  31  out  of  34  mouthpart  classes  (Table  5,  Fig.  131).  Kim 
and  Ludwig  (1978)  estimate  that  the  total  number  of  anoplurans  is 
probably  around  1000 ,  once  all  Recent  mammals  are  inventoried  for  their 
parasites.  Consequently  the  buccal-cone  class  is  relatively  unimportant 
as  a  component  of  the  Recent  insect  fauna  and  is  one  of  five  stylate- 
haustellate  mouthpart  classes  that  are  exclusively  or  dominately 
sanguinivorous .  Of  these,  only  siphonostylates  (Section  8.9.10)  have 
less  taxonomic  diversity;  the  buccal-cone  class  is  surpassed  by  the 
hexastylate,  tristylate  and  tubulostylate  mouthpart  classes  (Sections 
8.9.7  to  8.9.9).  Members  of  the  buccal-cone  class  represent  two  clade, 
the  Anoplura  and  the  Haematomyzidae- containing  Rhynchophthiraptera,  that 
have  independently  acquired  similar  mouthpart  structures  from  a  common 
trichodectid,  epidermis -chewing  mallophagan  ancestor  probably  parasitic 
on  early  eutherian  mammals  (Richards  and  Davies  1977) . 

All  buccal -cone  members  are  obligate  sanguinivores  feeding  on 
subcutaneous  blood  and  probably  lymph  on  a  wide  variety  of  eutherian 
hosts  (Fig.  101) .  They  apparently  are  capable  of  penetrating  thick, 
cornified  hides  of  several  ungulate  and  pinniped  groups  as  well  as  the 
thinner  integument  of  smaller  terrestrial  animals.  Very  little  is  known 
of  the  feeding  of  these  forms ,  although  the  human  louse  Pediculus 
humanus  Linneaus  has  been  studied  extensively.  P.  himanus  feeds  every 
six  hours  as  a  first  instar  nymph  and  every  three  hours  as  an  adult 
(Hocking  1971) .  Each  male  takes  from  five  to  30  minutes  for  a  feeding 
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INCLUDED  TAXA: 
Anoplura,  Mallophaga 
(Haematomyzidae) 


b  N=6 


FIGURE  101.  Overview  of  the  Buccal  Cone  Mouthpart  Class,  a,  Haemato- 
pinus  suis  (Linneaus)  (Anoplura:  Haematopinidae,  data-set  no.  194); 
b,  taxonomic  distribution,  number  of  taxa  examined  and  geochronologic 
history;  c,  functional- feeding-groups ;  d,  dietary  spectrum. 
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event  and  the  volume  ingested  may  comprise  from  one-fourth  to  one-third 
of  the  louse's  body  weight  (Murray  et  al.  1965).  The  human  louse 
survives  less  than  a  day  without  feeding,  although  certain  seal  lice  can 
survive  up  to  several  weeks  and  most  other  lice  can  survive  a  few  days 
without  feeding  (Marshall  1987) .  Mammals  react  to  anopluran  predation 
by  an  increase  in  skin  thickness  and  a  decrease  in  subcutaneous  arteri¬ 
ole  density  (Nelson  et  al.  1972). 

The  Haematomyzidae  of  the  Rhynchophthiraptera  is  poorly  understood 
when  compared  to  anoplurans,  The  haematomyzid  Haematomyzus  elephantis 
Piaget  infest  integumentary  folds  in  the  groin,  armpit,  ear  and  root  of 
the  tail  of  the  Indian  elephant  (Murkerji  and  Sen-Sarma  1955).  Faren- 
holz  (1936)  and  Symmons  (1952)  considered  the  Rhynchophthiraptera  as  a 
suborder  of  the  Anoplura,  whereas  Mukerji  and  Sen-Sarma  (1955)  elevated 
the  taxon  to  a  separate  order.  Recently  the  Rhynchophthiraptera  has 
been  considered  a  structurally  unique  suborder  of  the  Mallophaga 
(Richards  and  Davies  1977,  Kim  and  Ludwig  1978,  Kim  1980). 

Structural  Themes.  Two  basic  structural  themes  exist  within  the 
buccal-cone  mouthpart  class.  The  first  theme  comprises  all  anopluran 
taxa  (Subcluster  1,  data-set  taxa  194  to  198  in  Fig.  102),  whereas  the 
second  theme  consists  of  the  single  taxon  Haematomyzus  elephantis  Piaget 
(214) .  A  comparison  of  these  two  themes  reveals  that  there  are  differ¬ 
ences  in  general  head  and  mouthpart  characters:  for  example,  the 
antennae  in  anoplurans  are  filiform  whereas  they  are  serrate  for  the 
haematomyzid  and  the  mouthparts  are  haustellate  and  distylate  for 
anoplurans  and  nonhaustellate  and  monostylate  for  haematomyzids . 
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BUCCAL  CONE  MOUTHPARTS 


FIGURE  102.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Buccal 
Cone  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes . 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


601 


Anoplurans  possess  a  quadrate,  undivided  clypeus  whereas  haematomyzids 
bear  a  small,  transversely- elongate  clypeus  fused  to  the  frons.  The 
mandibles  constitute  the  wall  of  the  oral  cone  in  anoplurans  and  are 
functional,  trophic  structures  in  haematomyzids;  laciniae  are  absent  in 
anoplurans  and  present  in  haematomyzids.  Other  differences  occur.  It 
is  likely  that  these  two  themes  are  strongly  associated  with  the 
structure  of  the  host  integument.  Rhynchophoran-like  rostral  elonga¬ 
tion  (Section  8.3.10)  in  haematomyzids  is  a  special  adaptation  for 
puncturing  or  possibly  boring  the  hide  of  pachyderms  and  contrasts  with 
shorter  mouthpart  of  anoplurans  on  generally  thinner -skinned  hosts. 

Geochronologic  History.  The  only  described  fossil  of  the  buccal - 
cone  mouthpart  class  is  the  Pleistocene  haematopinid  Neohaematopinus 
relictus  Dubinin  from  the  USSR  (Laurentiaux  1953)  (Fig.  103) .  Thus  the 
fossil  record  is  of  no  assistance  in  establishing  the  timing  of  appear¬ 
ance  of  major  bucal-cone  taxa.  Kim  (1988)  in  a  cladistic  analysis  of  39 
morphological  structures  supported  the  conclusion  of  Kim  and  Ludwig 
(1982)  that  anoplurans  may  have  had  an  origin  as  early  as  the  Late 
Cretaceous.  Additionally  Kim  (1988)  concluded  that  there  was  minimal 
concordance  between  the  family- level  parasite  phylogeny  of  the  Anoplura 
and  the  order- level  host  phylogeny  of  eutherian  mammals,  indicating  that 
the  original  colonization  of  mammals  by  anoplurans  occurred  in  a 
spatiotemporally  erratic  mode  and  took  place  before  major  cladogenetic 
events  of  their  hosts.  After  this  initial  flurry  of  host  colonization 
anoplurans  apparently  coevolved  with  their  host  associations .  Evidence 
for  this  two -phase  model  is  the  low  level  of  congruence  between 
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FIGURE  103.  Geochronologic  history  of  the  Buccal  Cone  Mout’npart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Kim  (1988)  with  time 
value  of  clades  from  Kim  and  Ludwig  (1978) ,  based  on  host  phylogeny 
in  the  absence  of  a  significant  fossil  record.  The  taxonomic  level 
of  analysis  is  the  family.  The  outgroup  is  Psocoptera. 
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phylogenies  of  parasite  families  and  host  orders,  but  the  high  level  of 
congruence  between  phylogenies  of  parasite  genera  and  host  orders  (Kim 
1988) .  Approximately  68%  of  buccal-cone  species  are  confined  to  a 
single  host;  26%  are  specific  to  two  or  three  closely-related  host 
species . 

Current  ideas  for  the  origin  of  anoplurans  and  rhyncho  phthira- 
pterans  center  on  a  Late  Cretaceous  (Waage  1979,  Kim  1988)  or  Early 
Tertiary  (Kim  and  Ludwig  1978,  Traub  1980b)  origin,  the  latter  contem¬ 
poraneous  with  the  adpative  radiation  of  Early  Tertiary  eutherians  (Van 
Valen  1971,  Eisenberg  1981).  However  several  synapomorphies  unite  the 
Mallophaga  and  Anoplura  (Kristensen  1981)  and  the  closest  sister-group 
of  this  clade  is  the  Psocoptera,  which  first  appears  during  the  Early 
Permian  (Section  8.3.8).  Waage  (1979)  indicates  that  the  parent 
mallophagan  stock  was  likely  a  psocopteran-like  nest  associate  feeding 
on  vertebrate  frass  (Weber  1939)  that  subsequently  became  phoretic  on 
the  host  and  eventually  became  a  facultative  consumer  of  host  epidermis. 
Later,  with  modification  of  mandibulate  mouthparts  into  stylate  ones, 
this  lineage  became  an  obligate  sanguinivore  (Waage  1979) .  In  this 
proposed  life-habit  transformation  series,  host/parasite  intimacy  is 
maintained  continuously  and  in  tandem  with  gradual  selection  of  more 
nutritive  foodstuffs.  This  is  indicated  by  a  higher  rate  of  egg 
production  in  anoplurans  than  in  mallophagans  (Murray  1979) .  Neverthe¬ 
less  the  possibility  remains  that  Mallophaga  +  Anoplura  may  have  clado- 
genetically  separated  from  the  Psocoptera  relatively  early  and  during 
the  Early  Mesozoic  (see  Traub  1980b),  for  which  the  probable  ectothermic 
and  fur-covered  therapsids  were  available  as  suitable  hosts  to  colonize. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


604 

The  current  absence  of  members  of  the  buccal -cone  class  in  plesio- 
morphous  mammalian  clades,  such  as  monotremes  and  marsupials,  however 
mitigates  against  such  a  hypothesis . 

Previous  Designations.  Because  of  the  small  size  of  anoplurans, 
their  mouthparts  were  not  extensively  discussed  until  the  1800' s. 
Although  Hooke  (1665)  excellently  illustrated  the  structure  of  an 
anopluran  "snout"  in  a  monograph  of  microscopic  animals,  anoplurans  did 
not  become  widely  known  until  1826 ,  when  Kirby  and  Spence  used  the  term 
"Aptera"  to  refer  to  a  class  of  insects  (including  anoplurans)  that  bore 
haustellate  mouthparts.  In  1919  Peacock  described  the  anterior  mouth- 
part  region  of  Pediculus  humanus  Linneaus  as  a  haustellum,  although  many 
of  the  terms  used  to  describe  haustellar  structures  were  preceded  by  the 
adjective,  buccal.  Later  Fernando  (1934)  used  the  same  terminology  to 
describe  the  ontogeny  of  the  same  species.  Since  these  initial  descrip¬ 
tions  of  anopluran  mouthpart  structure  there  has  been  no  consistent  use 
of  a  term  to  describe  the  anterior,  stylet-protecting,  conical  structure 
of  the  anopluran  or  haematomyzid  head.  Metcalf  (1929)  and  Matsuda 
(1965)  used  the  term  haustellum,  whereas  Denis  and  Bitsch  (1973) 
variously  referred  to  the  same  structure  as  a  rostrum,  haustellum  or 
proboscis  (Table  6).  Recently,  the  term  proboscis  was  used  by  Hirsch 
(1986)  whereas  Chaudonneret  (1989a)  used  the  term  rostrum.  Because  of 
the  uneveness  of  terminological  application,  I  am  applying  the  term 
buccal-cone  to  refer  to  the  anterior  projection  of  anopluran  and 
haematomyzid  heads  and  as  a  name  for  their  encompassing  mouthpart  class. 
Other  terms,  such  as  haustellum,  rostrum,  or  proboscis  either  have 
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utility  as  broader-scale  descriptors  of  mouthpart  structures,  or  they 
are  preoccupied  as  names  of  other  mouthpart  classes  (see  Section  8.3.9 
for  rostrate) . 

Review  of  Literature.  Data  for  description  of  buccal -cone 
mouthparts  is  limited.  However  several  major  treatments  of  mouthpart 
structure  of  selected  species  include  Peacock  (1919)  for  the  pediculid 
Pediculus  humanus  Linneaus;  Stojanovich  (1945)  for  the  haematopinid 
Haematopinus  suis  (Linneaus),  the  hoplopleurid  Neohaematopinus  citel- 
linus  Ferris,  the ■ linognathid  Linognathus  vituli  (Linneaus)  and  P. 
humanus;  Mukerji  and  Sen-Sarma  (1955)  for  the  haematomyzid  Haematomyzus 
elephantls  Piaget;  Ramcke  (1965)  for  P.  humanus;  and  Hirsch  (1986)  for 
the  phthirid  Phthirus  pubis  Linneaus,  known  as  the  crab  louse  or  cootie. 
Young  (1953)  surveyed  the  embryology  of  representative  anopluran 
species.  Shorter  descriptions  are  Fernando's  (1934)  account  of  develop¬ 
ment  of  mouthpart  homologies,  Weber's  (1938)  study  of  the  mouthpart 
structure  of  H.  elephantls  and  Lavoipierre' s  interesting  account  of  the 
feeding  mechanism  of  H.  suis  on  arterioles  and  capillaries  of  trans- 
illuminated  mouse  ear.  General  reviews  of  buccal-cone  mouthpart 
structure  can  be  found  in  Matsuda  (1965) ,  Denis  and  Bitsch  (1973)  ,  Smith 
(1985)  and  Chaudonneret  (1989a). 

8.9.4.  Mouthcone  Class 
(Class  26) 

Description.  Head  quadrate- spheroidal ,  asymmetrical;  proboscis 
short,  nonretractile .  Genae  well-  to  minimally- developed;  gula  and  lora 
absent.  Antennae  moniliform;  ocelli  3,  rarely  absent;  compound  eyes 
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expansive,  rarely  absent.  Mouthparts  opisthognathous ,  housed  in  a 
mouthcone,  stylate-haustellate  with  3  stylets.  Food  pump  clypeal  and 
cibarial. 

Clypeus  quadrate,  infrequently  otherwise,  subdivided  into  2 
sclerites.  Labrum  quadrate  or  transversely- elongate ,  undivided,  with 
aperturate  margin.  Hypopharynx  with  super lingulae,  two  ovoidal  scler¬ 
ites  and  a  median,  basal  sitophore;  epipharynx  membranous  or  forming  the 
ventral  part  of  a  food  pump.  Left  mandible  stylate,  edentate,  protrac¬ 
tile,  characterized  by  modified  protraction/retraction;  right  mandible 
absent.  Maxilla  with  basal  undifferentiated  sclerites,  bearing  a 
mouthcone  wall  element,  palp  and  lacinial  stylet.  Maxillary  palp  2-  or 
3 -segmented;  filiform,  rarely  pectinate;  intermediate  in  length.  Galea 
part  of  mouthcone  wall;  lacinia  grooved,  stylate  and  acuminate.  Labium 
with  two  elongated  basal  segments ,  mouthcone  wall  elements  and  palps . 
Labial  palps  1- segmented,  rarely  otherwise;  filiform,  rarely  stubby; 
short  to  intermediate  in  length.  Glossae  and  paraglossae  part  of  mouth¬ 
cone  wall.  Interregional  co-optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  The  Mouthcone  Mouthpart  Class  is  distinctive 
and  bears  several  major  features  that  are  unique  to  the  class.  The  most 
important  feature  is  the  pronounced  asymmetry  of  the  head  capsule  and 
mouthpart  elements.  This  major  asymmetry  is  expressed  by  the  accomo¬ 
dating,  trapezoidal  shape  of  the  clypeal  and  labral  sclerites,  absence 
of  the  right  mandible  and  enlargement  of  the  wall -forming  mouthcone 
sclerites  of  the  left  maxilla  at  the  expense  of  the  right  maxilla. 
Mouthcones  are  the  only  mouthpart  type  that  bear  a  single  mandible. 
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Additionally  this  class  uniquely  has  structures  that  are  found  in  both 
typical  mandibulate  groups  and  in  derived  stylate-haustellate  groups . 
Particularly  notable  is  the  singular  combination  of  stylate  mouthpart 
elements  (mandible,  laciniae)  and  two  pairs  of  well- formed  maxillary  and 
labial  palps.  Also  the  unique  structure  of  the  mouthcone  is  derived 
from  evident  clypeal,  labral,  labial  and  basal  mandibular  and  maxillary 
sclerites  that  fuse  to  form  the  lateral  walls  of  the  funnel-shaped 
mouthcone.  The  mandibular  stylet  is  not  protracted  by  a  lever-based 
system  as  in  segmented-beaks  (Section  8.9.2),  but  is  literally  pulled 
down  for  retraction  by  a  muscle  attached  to  a  mandibular  guide  from  the 
anterior  clypeus.  The  antennae  are  characteristically  moniliform. 

Comparisons  of  the  Mouthcone  Mouthpart  Class  can  be  made  to  the 
Buccal-Cone  Mouthpart  Class  (Section  8.9.3)  and  certain  members  of  the 
Entognathate  Mouthpart  Class  (Section  8.3.2).  Both  buccal-cones  and 
entognathates  have  symmetrical  cephalic  capsules,  a  pair  of  nonstylate 
mandibles  and  a  well -developed  gular  region.  Other  stylate-haustellate 
mouthparts  (Section  8.9)  lack  well-formed  maxillary  palps  and  substitute 
either  a  stylet-enclosing  labial  sheath  (modified  palpi)  or  a  galeal 
siphon  as  the  structures  involved  in  piercing,  instead  of  a  mouthcone 
whose  sidewalls  are  composed  of  sclerites  from  major  mouthpart  regions. 

Diversity  and  Natural  History.  The  Mouthcone  Mouthpart  Class 
consists  of  small  (generally  0.5  to  8mm  long),  slender-bodied  insects 
that  are  not  prone  to  flight,  and  occur  on  vegetation  and  fungi,  in 
rotting  wood,  in  leaf  litter  and  under  bark.  They  are  an  old  group, 
originating  during  the  Late  Paleozoic  and  apparently  evolved  a  form  of 
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holometaboly ,  replete  with  a  pupal  stage,  independent  of  the  Oligo- 
neoptera  (Richards  and  Davies  1977) .  The  mouthcone  class  is  coextensive 
with  the  order  Thysanoptera  and  undoubtedly  represents  a  monophyletic 
group.  Although  the  mouthcone  is  an  unique  mouthpart-housing  structure, 
some  entognathate  collembolans  (Adams  and  Salmon  1972;  Section  8.3.2) 
and  buccal-cone  anoplurans  (Hirsch  1986;  Section  8.9.3)  have  analogous 
structures  that  are  reminiscent  of  mouthcones .  Mouthcones  comprise  five 
families,  550  genera  and  8800  species  (Appendix  D)  and  has  a  rank-order 
of  16  out  of  34  mouthpart  classes  (Table  5,  Fig.  131).  Their  role  in 
the  modern  insect  fauna  is  relatively  minor  although  locally  they  are 
important  pollinators  and  fluid- feeders  of  plant  tissues.  Their 
principle  ecological  competitors  are  those  members  of  the  Segmented-Beak 
Mouthpart  Class  (Section  8.8.2)  that  possess  short  beaks  and  stylets  and 
are  able  to  feed  on  shallow,  nonvascular  plant  tissue.  Both  mouthpart 
groups  and  a  few  other  components  from  other  stylate-haustellate 
mouthpart  classes ,  are  frequently  combined  into  the  ecologically 
important  sap-sucking  guild  (Moran  and  Southwood  1982,  Stork  1987). 

All  members  of  the  mouthcone  class  can  be  placed  into  the  follow¬ 
ing  dietary  categories,  in  decreasing  order  of  frequency:  live  plant 

0 

tissue  (herb ivory) ,  pollinivory,  fungivory,  carnivory  and  nectar ivory 
(Fig.  104).  (For  accounts  of  the  feeding  mechanism  and  behavior  of 
members  of  the  mouthcone  class,  see  Grinfel'd  [1959],  Heming  [1978]  and 
Smith  [1985].)  Most  mouthcone  members  imbibe  fluid  cellular  contents  by 
puncturing  the  outer  integument  of  plant  tissue  by  inserting  a  single 
mandibular  stylet  and  then  appressing  paired,  grooved  lacinial  stylets 
into  a  tubular  hole  that  is  used  for  sucking  up  intercellular  or 
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FIGURE  104.  Overview  of  the  Mouthcone  Mouthpart  Class,  a,  Aeolochrips 
fasciatus  Linneaus  (Thysanoptera:  Aeolothripidae,  data-set  no.  215); 
b,  taxonomic  distribution,  number  of  taxa  examined  and  geochronologic 
range;  c,  functional -feeding- group;-  d,  dietary  spectrum. 
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intracellular  fluid  (Heming  1978).  Although  the  food  tube  of  the 
conjoined  lacinial  stylets  is  about  lum  in  diameter,  chloroplasts  as 
large  as  six  um  in  diameter  can  be  imbibed  without  rupture;  in  fact,  the 
protoplasts  of  many  mesophyll  and  epidermal  cells  are  consumed  with  a 
minimum  of  seepage  after  stylet  withdrawal  (Chisholm  and  Lewis  1984) . 
Some  large  species  can  consume  particulate  matter  such  as  algal  cells  or 
spores  from  10  to  30um  in  diameter  (Grinfel'd  1959).  Most  herbivorous 
mouthcone  class  members  consume  buds ,  flowers  and  catkins  (Barbosa  and 
Wagner  1989)  and,  unlike  the  homopteran  members  of  the  segmented-beak 
class,  mouthcone  members  primarily  feed  on  regions  of  the  plant  that  are 
rich  in  proteins  and  sterols  such  as  meristematic  tissue  and  reproduc¬ 
tive  organs  (Southwood  1973) .  Many  mouthcone  members  induce  galls  on 
these  plant  regions  (Frost  1959)  and  gall  plants  such  as  Acacia  (Faba- 
ceae) .  Genera  such  as  Kladothrips  are  known  to  be  widespread  gall- 
formers  (Mound  1971) .  In  addition  to  inducing  galls  several  mouthcone 
species  transmit  viruses  that  frequently  have  major  negative  effects  on 
plant  health  (Barbosa  and  Wagner  1989) . 

Although  it  was  once  believed  that  members  of  the  mouthcone  class 
were  overwhelmingly  or  exclusively  feeders  on  live  or  dead  vegetation, 
relatively  recent  research  has  demonstrated  that  pollinivory  is  at  least 
the  second  most  common  nutritional  source.  The  first  extensive  descrip¬ 
tion  of  this  phenomenon  was  by  Grinfel'd  (1959)  who  described  the 
stereotyped  punch- and- suck  feeding  technique  of  thysanopterans . 

According  to  Grinfel'd  (1959),  and  later  corroborated  by  other  re¬ 
searchers  (Lewis  1973,  Heming  1978,  Chisholm  and  Lewis  1984),  thysano¬ 
pterans  initially  secure  a  pollen  grain  with  their  labial  and  maxillary 
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palps  and  then  thrust  a  single  mandibular  stylet  onto  its  surface  as  the 
grain  is  pressed  against  the  oral  cone.  This  is  followed  by  deployment 
of  the  lacinial  stylet  tube  which  is  used  for  suction  of  the  internal 
protoplast.  Kirk  (1984)  has  determined  that  the  feeding  time  per  grain 
is  positively  associated  with  grain  volume  and  very  large  grains  and 
grain  tetrads  are  frequently  abandoned  before  completion  of  feeding. 

Kirk  also  found  that  large  amounts  of  pollen  can  be  consumed  by  a  single 
individual,  up  to  100  pollen  grains  per  15  minutes.  He  later  (1985) 
ascertained  that  some  floricolous  thysanopterans  were  capable  of  feeding 
on  a  wide  variety  of  pollen  sizes  and  ornamentations;  other  species  were 
host-specific  and,  unlike  the  generalists,  were  able  to  detect  their 
hosts  without  tactile  probing.  Although  pollen  consumption  renders  a 
positive  effect  on  thysanopterans  by  the  production  of  greater  egg 
number  (Kirk  1985),  the  plant  receives  benefit  by  being  pollinated. 

Members  of  the  mouthcone  class  consume  the  pollen  of  gymno sperms 
(Lewis  1973,  Anathakrishnan  1979),  primitive  magnoliid  dicots  (Thien 
1980,  Bernhardt  and  Thien  1987)  and  various  derived  nonmagnoliid  dicots 
(Proctor  and  Yeo  1973,  Faegri  and  van  der  Fiji  1980).  The  occurrence  of 
mouthcones  as  pollinators  of  such  plesiomorphic  angiosperms  as  the 
magnoliid  families  Winteraceae  (Thien  1980) ,  Myristaceae  (Bernhardt  and 
Thien  1987)  and  Monimaceae  (Gottsberger  1977)  suggests  that  the  mouth- 
cone  class  was  an  important  pollinator  group  in  primitive  angiosperms 
along  with  co-occurring  coleopterans  and  dipterans  (Thien  1980,  Kevan 
and  Baker  1984).  Also,  the  presence  of  members  of  this  mouthpart  class 
as  dominant  or  subdominant  pollinators  on  several  apomorphic,  nonmagno¬ 
liid  families  such  as  the  Dipterocarpaceae  ( Shorea :  Ashton  1977,  Appanah 
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and  Chan  1981),  Chenopodaceae  (Beta.:  Proctor  and  Yeo  1973),  Polemoni- 
aceae  (Phlox:  Faegri  and  van  der  Pijl  1980),  Solanaceae  (Solanum: 
Velayudhan  and  Annadurai  1986),  Fabaceae  (Medicago:  Faegri  and  van  der 
Pijl  1980),  Ranunculaceae  (Anemone:  Proctor  and  Yeo  1973)  and  Ericaceae 
(Erica,  Calluna:  Hasterud  1974)  implies  that  thysanopterans  (i.e. 
mouthcones)  are  probably  the  most  important  pollinators  group  after  the 
"big  four"  of  Coleoptera,  Diptera,  Lepidoptera  and  Hymenoptera  (see  also 
Porsch  1958) .  Members  of  the  mouthcone  class  should  be  suspected  as 
pollinators  of  small,  perfect  flowers  with  anthers  located  above  the 
stigmatic  surface. 

Fungivorous  mouthcone  members  are  found  in  a  diversity  of  envi¬ 
ronments,  principally  cryptic  habitats  among  microscopic  fungi  associ¬ 
ated  with  rotting  wood  and  herbivore  dung.  They  also  occur  in  exposed 
areas  that  harbor  macroscopic  fungi  such  as  the  sporocarps  of  polypores 
and  mushrooms  (Hamilton  1978,  Kukor  and  Martin  1987).  Anathakrishnan 
and  Suresh  (1983)  described  Indian  species  that  exhibit  diverse  feeding 
specializations  on  fungal  food;  species  such  as  Tiarothrips  subramanii 
(Ramakrishna)  for  example  prefer  ascomycetan  spores  (Anathakrishnan  and 
James  1983) .  Some  fungivorous  members  may  be  obligate  mycetibionts  in 
large  sporocarps . 

The  last  two  dietary  categories,  insectivory  and  nectarivory,  are 
less  well  known.  Frost  (1959)  and  Richards  and  Davies  (1977)  indicate 
that  phlaeothripids  consume  aphids,  mites  and  insect  eggs.  The  imbiba- 
tion  of  nectar  and  exuding  plant  sap  was  mentioned  by  Grinfel'd  (1959) 
and  Brues  (1972) . 
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The  mouthcone  class  is  a  minor  component  of  the  sap -sucking 
feeding  guild  in  modern  ecosystems.  As  a  percentage  biomass  contribu¬ 
tion  to  all  herbivores  consuming  particular  plants,  members  of  the 
mouthcone  class  range  from  one  percent  in  the  case  of  CeanoChus  velu- 
tinus  (Rhamnaceae)  in  western  Oregon  (Schowalter  et  al.  1988),  to  four 
percent  in  the  case  of  Cirsium  thistles  (Asteraceae)  in  southern 
California  (Goeden  and  Ricker  1987b) .  Mouthcone  class  components  of 
sap-sucking  guilds  also  occur  in  cool- temperate  mesic  forest  (Moran  and 
Southwood  1982)  and  tropical  rainforest  (Stork  1987),  although  their 
proportional  representation  was  not  recorded. 

Structural  Themes.  Two  demonstrable,  structurally  interpretable 
subclusters  are  evident  in  Fig.  105.  The  first  subcluster,  comprising 
one  aeolothripid  and  four  thripid  taxa  (data-set  taxa  215  to  218  in  Fig. 
105)  consists  of  herbivorous  forms  that  feature  prominent,  well -devel¬ 
oped  genae,  a  membranous  epipharynx,  maxillary  palps  that  are  usually 
three -segmented  and  a  tendency  toward  intermediate- length  labial  palps. 
By  contrast  the  second  subcluster  consists  of  one  aeolothripid  and  three 
phlaeothripid  taxa  (221  to  216)  that  are  insectivorous  forms.  This 
subcluster  comprises  taxa  that  are  typified  by  genae  that  represent  an 
expansive  separation  of  the  eyes  from  the  mouthparts,  an  epipharynx 
contributing  to  formation  of  the  ventral  region  of  the  food  pump,  two- 
segmented  maxillary  palps  and  a  tendency  toward  short  labial  palps .  The 
structural  differences  between  these  two  themes  are  not  pronounced, 
involving  only  several  characters,  and  is  probably  associated  with  the 
two  major  modes  of  feeding:  herb ivory  sensu  lato  and  insect  predation. 
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MOUTHCONE  MOUTHPARTS 


FIGURE  105.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Mouth- 
cone  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouthpart 
class  to  other  mouthpart  classes . 
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Geochronologic  History.  I  will  approach  the  geochronological 
history  of  the  Mouthcone  Mouthpart  Class  in  two  ways.  First,  the 
empirical  fossil  record  will  be  examined;  and  second,  synecological , 
phylogenetic  and  structural  data  will  be  used  to  (i)  ascertain  the  life- 
habits  of  the  ancestral  Late  Paleozoic  mouthcone  class  progenitor  and 
(ii)  establish  the  role  that  the  mouthcone  class  probably  played  in  the 
early  evolution  of  angiosperms .  It  is  hoped  that  both  approaches  can  be 
collectively  used  for  establishing  the  major  features  of  the  history  of 
the  group. 

Although  thysanopterans  are  inferred  to  have  diverged  during  the 
Carboniferous  from  a  hemipteran  (Homoptera  +  Heteroptera)  sister- group 
(Fig.  106),  the  earliest  accepted  thysanopteran  is  Permothrips  Martynov 
1938  from  the  Cherkarda  deposits  of  the  USSR  [89]  (Hennig  1981,  but  see 
Strong  et  al.  1984).  This  species  and  other  related  taxa  that  span  a 
duration  into  Late  Cretaceous  times  comprise  the  family  Lophioneuridae . 
The  thysanopteran  affinities  of  the  Lophioneuridae  have  only  recently 
been  established  by  Vishniakova  (1981) .  While  lophioneurids  lacked  the 
strap -shaped  wings  fringed  by  long  setae  of  modern  forms  and  exhibited  a 
somatically  robust,  psocid  facies,  Vishniakova  (1981)  demonstrated  (i) 
the  presence  of  a  hypognathous ,  funnelform  (though  apparently  symmetri¬ 
cal)  mouthcone  with  stylate  mouthparts,  (ii)  compound  eyes  with 
individually- facetted,  bulbous  ommatidia  and  (iii)  incipient  development 
of  marginal  alar  setae,  which  indicate  the  thysanopteran  affinities  of 
this  clade.  Lophioneurids  are  represented  by  Zoropsocus  tomiensis 
Bekker-Migdisova  1961  from  the  Upper  Permian  deposits  of  the  Kusnetsk 
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FIGURE  106.  Geochronologic  history  of  the  Mouthcone  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Mound  et  al.  (1980), 
Hennig  (1981)  and  some  aspects  of  timing  after  Sharov  (1973)  and 
Seeger  (in  Hennig,  1981).  The  taxonomic  level  of  analysis  is  the 
family.  The  outgroup  is  Psocoptera.  These  fossil  occurrences  are 
not  necessarily  a  complete  inventory  of  all  documented  fossil  members 
of  this  mouthpart  class . 
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Basin,  USSR  [97]  and  reappear  in  Upper  Jurassic  deposits  of  the  USSR 
[60]  (Vishniakova  1981).  After  a  several  post- Jurassic  occurrences, 
they  are  last  found  in  Late  Cretaceous  Siberian  amber  [37]  (Zherikin  and 
Sukacheva  1973) .  This  group  was  considered  as  possibly  pollinivorous  by 
Strong  et  al.  (1984). 

During  the  Jurassic  a  diversification  of  the  presumed  sister-group 
of  the  Lophioneuridae  occurred,  resulting  in  the  appearance  of  at  least 
three  modern-aspect  families  by  Late  Cretaceous  times.  These  are  the 
Aeolothripidae,  Thripidae,  Phlaeothripidae  and  possibly  the  Hetero- 
thripidae,  recorded  from  Late  Cretaceous  Siberian  ambaer  [37]  (Zherikin 
and  Sukacheva  1973,  Rasnitsyn  1988).  However,  the  description  of  five 
extinct  families  in  earlier  Lower  Cretaceous  Lebanese  amber  [55]  by  Zur 
Strassen  (1973)  has  been  reinterpreted  by  Seeger  (in  Hennig  1981)  as 
unwarranted  because  of  the  lace  of  demonstrable  apomorphies  for  credible 
diagnoses.  These  forms  are  probably  heterothripids  or  members  of  the 
sister-group  to  the  Heterothripidae  +  Fauriellidae .  Subsequent  mouth- 
cone  class  members  have  been  abundantly  documented  from  Early  Tertiary 
Baltic  amber  [19]  (Priesner  1924,  Larsson  1979)  when  merothripids  and 
demonstrable  heterothripids  enter  the  record. 

Several  models  exist  for  the  feeding- and  life -habits  of  the 
ancestral  thysanopteran  or  mouthcone  class  member.  Grinfel'd  (1959) 
maintained  that  predatory  feeding  is  primitive  and  modem  thysanopteran 
groups  switched  protein  food  sources  from  insects  to  pollen.  Stannard 
(1968)  and  Anathakrishnan  (1979)  held  that  thysanopterans  are  most 
pars imonous ly  treated  as  primitively  herbivorous ,  with  fungivory 
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subsequently  derived  several  times.  Mound  and  O'Neill  (1974)  and  Mound 
et  al.  (1980)  maintained  that  fungivory  in  litter  is  plesiomorphous  and 
that  herb ivory,  predation  and  fungivory  under  bark  are  all  apomorphic 
life-habits.  Confirmation  of  these  hypotheses  can  be  assisted  by 
ascertaining  the  life-habits  of  the  ancestral  hemipteran,  which  itself 
is  a  debated  issue  (Mitter  et  al.  1988;  Section  8.9.2). 

Members  of  the  mouthcone  mouthpart  class  were  available  during  the 
Early  Cretaceous  for  pollination  of  some  of  the  earliest  known  angio- 
sperm  clades  (Gottsberger  1988) ,  notably  the  Chloranthaceae  whose  record 
commences  during  the  Barremian  (Walker  and  Walker  1984) ,  the  Winteraceae 
commencing  during  the  Albian/Aptian  (Crepet  and  Friis  1987)  and  the 
Monimaceae  during  the  Turonian  (Friis  1989) .  All  of  these  clades  have 
extant  representatives  that  are  pollinated  by  thysanopterans  (Gotts¬ 
berger  1977,  Thien  1980,  Pellmyr  and  Thien  1986).  This  pattern  implies 
that  early  angiosperm  flowers  were  probably  small  and  inconspicuous,  and 
pollinated  by  unspecialized  opportunists  such  as  thysanopterans ,  beetles 
and  some  generalized  dipterans  (Bernhardt  and  Thien  1987)  and  not 
faithful  pollinators  such  as  members  of  the  siphonate  and  glossate 
mouthpart  classes. 

Previous  Designations.’  Although  mouthcone  mouthparts  are  struc¬ 
turally  distinctive,  there  was  no  mention  of  them  in  the  literature 
until  the  late  1800' s.  Early  entomologists  such  as  Fabricius,  MacLeay, 
Kirby  and  Spence,  and  Latreille  failed  to  include  thysanopteran  mouth¬ 
part  structures  in  any  of  their  keys  of  the  Insecta--an  oversight  that 
is  probably  attributable  to  thysanopteran  small  size.  Although  Jordan 
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(1888)  monographed  the  Thysanoptera  (his  Physopoda)  and  illustrated  all 
the  essential  features  of  the  mouthcone,  he  only  hinted  at  the  possibi¬ 
lity  of  cephalic  and  mouthpart  asymmetry.  It  was  not  until  1896  that 
Garman  explicitly  mentioned  the  occurrence  of  asymmetry  in  thysanopteran 
mouthparts.  This  point  was  re-emphasized  by  Borden  in  1915. 

The  earliest  documented  use  of  the  term  mouthcone  was  by  Peterson 
(1915)  although  it  may  have  had  a  previous  informal  history.  In 
Metcalf's  classification  of  hexapod  mouthparts  (1929),  the  thysanopteran 
condition  was  termed  the  "rasping -sucking  type"  of  his  Haustellate 
Series.  This  designation  was  retained  in  Metcalf  et  al.  (1962), 
although  James  and  Harwood  (1969)  used  "thysanopteran  type"  to  refer  to 
the  same  mouthpart  type.  Recently,  Borror  et  al.  (1976)  referred  to 
thysanopteran  mouthparts  as  "haustellate  type:  mouthparts  of  thrips." 

In  a  recent  series  of  articles  treating  mouthpart  types  in  hexapods , 
Chaudonneret  (1989a)  considered  the  mouthparts  of  thysanopterans 
( 1'appareil  piqueur  des  Thysanoptdres )  as  a  unique  type  of  piercing 
mouthpart  apparatus  and  used  Aeolothrips  and  Haplo thrips  as  exemplars. 
All  of  these  characterizations  use  functionally-  or  taxonomically- 
related  terminology  to  name  what  I  consider  a  structural  feature.  For 
this  reason  I  am  using  the  struc  tural  term  mouthcone  as  a  name  for  the 
mouthpart  class  described  herein. 

Review  of  Literature.  Sources  of  data  on  mouthcone  mouthparts  are 
principally  treatments  focusing  on  the  mouthpart  structure  of  one  or  a 
few  taxa,  review  articles  of  the  mouthpart  structure  for  the  Thysano¬ 
ptera  as  a  whole,  shorter  works  detailing  the  function  and  structure  of 
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particular  head  or  mouthpart  elements  and  various  taxonomic  monographs 
that  discuss  mouthpart  structure  of  selected  taxa  in  passing.  Treat¬ 
ments  focusing  on  the  mouthpart  structure  of  one  or  a  few  taxa  include 
Borden  (1915)  for  the  thripid  Frinklinella  tritici  (Fitch),  Peterson 
(1915)  for  the  thripids  Heliothrips  femoralis  (Reuter)  and  Thrips 
physapus  Linneaus  and  the  phlaeothripid  Cephalothrips  yuccas  Hinds, 

Reyne  (1927)  for  the  thripids  Dinothrips  sumatrensis  Bagnoll,  Helio¬ 
thrips  haemorrhoidalis  Bouchd  and  Selenothrips  rubrocincta  Giard,  Jones 
(1954)  for  the  thripid  Chirothrips  hamatus  (Trybom) ,  Risler  (1957)  for 
the  T.  physapus,  Mickoleit  (1963)  for  the  aeolothripid  Aeolothrips 
fasciatus  Linneaus  and  the  phlaeothripid  Phlaeothrips  coriaceus  (Hali- 
day) ,  Heming  (1978)  for  the  nymph  of  the  phlaeothripid  Haplothrips 
verbasci  (Osborn)  and  Moritz  (1989)  for  the  thripid  Hercinothrips 
femoralis  (Reuter).  These  studies,  many  of  them  classic,  focused  on 
only  three  thysanopteran  families  and  several  of  the  genera  were 
examined  intensively  more  than  once  by  different  authors.  Members  of 
poorly-known  families ,  such  as  Heterothripidae  and  Merothripidae  are 
desperately  in  need  of  study.  Shorter  studies  include  Garman  (1896)  who 
noted  the  asymmetry  of  thysanopteran  mouthparts,  Davies  (1958)  who  made 
general  observations  on  the  head  and  mouthparts  of  Limothrips  cerealium 
Haliday  and  Mound  (1971)  who  compared  the  feeding  apparati  and  stylet 
structure  of  several  thysanopteran  groups .  General  reviews  of  mouthcone 
mouthparts  can  be  found  in  Matsuda  (1965) ,  Denis  and  Bitsch  (1973)  and 
Smith  (1985). 

Monographic -size  taxonomic  works  in  which  mouthpart  structure  of 
selected  taxa  are  mentioned  in  passing  include  Jordan  (1888)  and  Doeksen 
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(1941)  who  provided  general  overviews  of  the  structure  and  anatomy  of 
several  selected  thysanopteran  taxa  and  Mound  (1971)  who  reorganized 
phlaeothripid  systematics  and  emphasized  stylet  structure.  Studies  with 
scanning  electron  micrographs  of  head  and  stylet  struc  ture  are  Heming 
(1978)  for  Haplothrips  verbasci  (Osborn) ,  Weiseribom  and  Morse  (1988) 
for  Scirtothrips  citri  (Moulton) ,  and  Moritz  (1989)  for  Hercinothrips 
femoralis  (Reuter) . 

8.9.5.  Monostylate/Distylate  Class 
(Class  27) 

Description.  Head  quadrate  or  vertically  prolonged;  proboscis 
long  to  very  long.  Genae  and  gula  prominent  and  well-  to  minimally- 
developed;  raptorial  prothoracic  legs  often  present.  Antennae  mostly 
sty late,  uncommonly  filiform;  ocelli  3;  compound  eyes  expansive  and 
large.  Mouthparts  prognathous,  stylate-haustellate ,  monostylate  or 
distylate,  nonretractile .  Food  pump  clypeal  and  pharyngeal. 

Clypeus  quadrate,  rarely  transversely  elongate;  fused  to  frons. 
Labrum  vertically  very  elongate,  less  commonly  transversely- elongate ; 
undivided;  margin  mucronate  to  uncommonly  tr iangular- acute ;  part  of 
labellum.  Hypopharynx  long  and  stylate,  rarely  otherwise;  epipharynx 
membranous.  Mandibles  absent.  Maxilla  with  basal  sclerite  elongated; 
bearing  a  lacinia  and  palpus  only.  Maxillary  palpus  1-  or  2-  segmented; 
brushlike,  rarely  filiform  or  stubby;  mostly  intermediate  to  long. 
Lacinia  elongate  and  fleshy  or  an  acuminate  stylet;  galea  absent. 

Labium  with  main-body  of  two  sclerites,  shape  variable;  glossae  and 
labial  palps  present.  Labial  palps  2 -segmented,  an  appressed  palpal 
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structure,  rarely  aciculate;.  of  intermediate  length.  Glossae  papillate 
to  rarely  generalized  or  absent;  paraglossae  absent.  Interregional  co¬ 
optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  Monostylate/Distylates  are  the  only  mouth- 
part  class  with  the  combination  of  (i)  an  elongate  dipteran  haustellum 
of  appressed  palps  without  a  distal  fleshy  expansion  and  (ii)  presence 
of  either  one  or  two  haustellar  stylets.  These  are  the  only  discrete 
characters  that  consistently  define  the  monostylate/distylates . 

Monostylate/distylates  have  a  basic  dipteran  head  and  mouthpart 
facies  that  is  distinguished  from  other  similarly  appearing  dipteran 
mouthpart  classes,  namely  distylate/tetrastylates ,  hexastylates  and 
labellates.  The  monostylate/distylate  class  bears  a  nonretractile , 
elongate,  prognathous  haustellum  whereas  the  distylate/tetrastylate 
class  has  a  retractile,  stouter,  hypognathous  labellum  typical  of 
astylate  labellates  (see  Sections  8.5.3  and  8.9.6).  The  epipharynges  of 
monostylate/distylates  is  membranous  whereas  those  of  distylate/ 
tetrastylates  are  stylate.  Hexastylates  have  proboscides  similar  to 
monostylate/distylates,  except  that  they  bear  six  instead  of  one  or  two 
stylets.  Labellates,  tubulostylates  and  siphonates  lack  lacinial  or 
hypopharyngeal  stylets. 

Diversity  and  Natural  History.  The  monostylate/distylate  mouth¬ 
part  class  consists  of  medium- sized  adult  brachycerans  that  are  strong 
fliers  and  diurnally  active.  They  occur  in  well-lighted  terrestrial 
habitats  such  as  grassland,  woodland  and  water  edges  but  not  in  dark, 
canopied  forest.  As  a  class  they  are  bimodal  in  food  habits,  feeding  on 
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insect  prey  or  imbibing  nectar  and  occasionally  pollen  (Fig.  107) . 
Monostylate/distylates  are  moderately  diverse  taxonomically ,  comprising 
four  families  and  approximately  745  genera  and  12,350  species  (Appendix 
D)  and  rank  15  out  of  34  mouthpart  classes  (Table  5,  Fig.  131). 
Apparently  the  mouthpart  class  is  multiply  convergent;  each  monostylate/ 
distylate  family  originated  from  more  structurally  generalized  brachy- 
cerans  that  bore  mouthparts  with  a  greater  number  of  stylets ,  or 
possibly  from  labellate  forms.  Stylet  reduction  and  modification  of  the 
labium  into  a  prolonged,  frequently  tubular  proboscis  (often  for 
anthophily)  was  a  feature  of  early  brachyceran  evolution.  Monostylate/ 
distylates  became  a  significant  predator  group  (particularly  asilids) 
and  an  important  pollinator  assemblage  (particularly  bombyliids)  during 
the  later  Mesozoic  (after  Rohdendorf  1974) .  Monostylate/distylate 
pollinators  probably  antedate  the  appearance  of  labellates,  siphonates 
and  glossates  of  more  recent  Mesozoic  history. 

Asilids  and  most  empidids  comprise  the  predaceous  component  of 
monostylate/distylate  taxa.  Asilids  (robber  flies)  are  predaceous  on 
other  insects,  rapaceously  pursuing  they  prey  in  the  air  and  on  the 
ground.  They  are  active  during  the  warmest  part  of  the  day,  peferring 

V' 

temperatures  above  20  degrees  C.  and  occurring  on  various  taxa- 
specific  types  of  perches,  including  rock  ledges  and  sandy  substrates. 
Upon  capture  of  prey  that  may  be  up  to  2.5  times  their  own  size,  they 
use  their  hypopharyngeal  dagger  to  inject  an  anaesthetic  and  proteolytic 
saliva  that  digests  the  contents  of  their  prey  from  within.  This  is 
followed  by  sucking  out  the  prey  contents  as  it  is  held  securely  by 
raptorial  legs.  Frequently  species  of  asilids  only  pursue  prey  that  are 
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members  of  certain  orders  and  of  a  particular  size  range  (Wood  1981c) . 
Although  both  sexes  of  empidids  (dance  flies)  are  similarly  predatory 
and  insectivorous,  they  are  less  agressive  in  their  pursuit  and  capture 
behavior  and  concentrate  principally  on  dipteran  larvae  and  adult 
nematocerans  as  prey  (Downes  and  Smith  1969) .  A  few  empidids  subsist  on 
dead  insects  such  as  those  found  on  spider  webs.  Like  asilids,  they 
occur  at  distinct  feeding  stations  and  frequent  swarms  of  nematocerans 
along  river  banks  or  hunt  from  particular  plant  surfaces  (Steyskal  and 
Knutson  1981).  Empidids,  unlike  asilids,  have  an  unique  behavior  in 
which  males  present  dead  insect  prey  to  females  as  a  courtship  ritual. 

Nectarivory  and  occasionally  pollinivory  occurs  among  monostylate/ 
distylates  especially  among  bombyliids  and  acrocerids  and  subordinately 
in  empidids.  Bombyliids  and  some  empidids  have  proboscides  up  to  1.2cm 
long  and  imbibe  deeply  hidden  nectar  from  small,  or  long  and  deep, 
tubular  flowers  (Proctor  and  Yeo  1973,  Faegri  and  van  der  Pijl  1980)  and 
are  important  pollinators  of  these  flower  types  (Grinfel'd  1959,  Proctor 
and  Yeo  1973).  Bombyliids  in  particular  are  among  the  most  highly 
specialized  feeders  on  floral  nectar  and  possess  a  forwardly- directed, 
tubular  proboscis  that  is  deployed  while  hovering  above  or  alighting  on 
flowers  (Barth  1985,  Willemstein  1987).  In  some  ways  bombyliids  are 
convergent  upon  and  compete  with  diurnal  glossates  and  siphonates 
(Armstrong  1979).  Their  common  name,  bee  flies,  not  only  originates 
from  a  similar  physical  appearance  to  some  bees,  but  also  their  beelike 
pollinator  behavior.  Although  bombyliids  have  been  considered  flower 
inconstant  as  pollinators,  even  though  they  perceive  color  (Faegri  and 
van  der  Pijl  1980),  recent  research  indicates  that  they  are  flower- 
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specific,  faithful  pollinators  (Grimaldi  1988).  Some  empidids  such  as 
Anthalia  and  possibly  Euthyneu ra,  and  several  bombyliids  are  pollini- 
vores  (Armstrong  1979,  Steyskal  and  Knutson  1981)  and  presumably  consume 
the  grain  intactly.  A  few  empidids  have  been  observed  to  pierce  plant 
tissues  and  suck  out  plant  juices  (Proctor  and  Yeo  1973) .  Acrocerids 
probe  for  flower  nectar  with  long  proboscides  (Rohdendorf  1974,  Willem- 
stein  1987)  and  are  probably  obligate  nectarivores  and  significant 
pollinators  for  some  plant  species  (Schlinger  1981) .  A  few  bombyliids 
(not  analyzed  in  this  study)  possess  abbreviated,  distally  flaring 
proboscides  (Richards  and  Davies  1977)  and  are  probably  members  of  the 
labellate  mouthpart  class  (Section  8.5.3). 

Structural  Themes .  Two  principal  structural  themes  characterize 
the  monostylate/distylate  class.  The  first  theme  consists  of  an 
acrocerid,  two  bombyliids  and  an  empidid  (Subcluster  1,  bracketed  by 
data-set  taxa  896  to  912  in  Fig.  108).  This  theme  possesses  vertically 
prolonged  heads  with  long  proboscides  that  bear  two  stylets  only, 
cursorial  prothoracic  legs,  a  vertically  very  elongate  labrum,  a 
maxillary  palp  that  is  shorter  or  longer  than  intermediate - length  and 
acuminate -sty late  laciniae.  The  second  theme  comprises  only  asilids 
(Subcluster  2,  taxa  898  to  902).  This  theme  features  a  quadrate  head 
capsule,  raptorial  prothoracic  legs,  a  long  proboscis  with  a  single 
hypopharyngeal  stylet,  a  transversely- elongate  labrum,  a  maxillary 
palpus  of  intermediate - length ,  and  elongate  but  fleshy  laciniae.  These 
two  structural  themes  closely  correspond  to  feeding  habits .  The  first 
theme  consists  of  taxa  that  are  predominately  nectarivorous ,  although 
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FIGURE  108.  Cluster  analysis  dendrogram  of  taxa  comprising  the 

Monos tylae/Distylate  Mouthpart  Class.  See  Fig.  28  for  relationship 
of  this  mouthpart  class  to  other  mouthpart  classes. 
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some  empidids  supplement  their  diet  with  protein  and  a  few  are  preda¬ 
ceous  (Steyskal  and  Knutson  1981).  Predominant  members  are  bombyliids 
and  acrocerids,  which  have  long  proboscides  that  are  designed  for 
nectar-probing  in  flowers.  The  second  theme  comprises  obligately 
insectivorous  and  predaceous  forms  that  are  noted  for  their  skill  in 
adroitly  capturing  prey  in  flight  (Wood  1981) . 

Geochronologic  History.  The  phylogenetic  diversification  of 
monostylate/distylates  occurred  during  a  time  interval  ranging  from  the 
Early  Jurassic  (Bombyliidae)  to  the  Middle  Cretaceous  (Asilidae) ,  based 
on  fossil  evidence  and  cladistic  relationships  (Fig.  109).  Two  trophic 
groups  constitute  this  diversification- -insectivorous  forms  such  as 
nonhybotine  empidids  and  asilids  and  nectarivorous  forms  such  as 
bombyliids ,  acrocerids  and  hybotine  empidids .  The  pattern  of  timing  of 
these  two  groups  is  not  clear,  although  there  are  claims  that  nectari- 
vores  evolved  later,  during  the  Late  Cretaceous  in  concert  with  the 
evolutionary  expansion  of  angiosperms  (Willemstein  1987,  Waters 
1989a, b) . 

The  earliest  presumeably  insectivorous  monostylate/distylate  is 
the  plesiomorphic  empidid,  Protempis  antennata  Ussatchov  1968,  from  the 
Upper  Jurassic  of  the  USSR  [60]  (Waters  1989a, b) .  Other  insectivorous 
empidids  are  an  unnamed  form  from  the  earliest  Cretaceous  of  England 
[57]  (Jarzembowski  1980),  an  ocydromine  from  Upper  Cretaceous  amber  of 
France  [45]  (Schlttter  1978),  an  empine  from  lower  Upper  Cretaceous 
deposits  of  Botswana  [43]  (Waters  1989a),  and  a  trachydromine  from  Upper 
Cretaceous  amber  of  Siberia  [37]  (Kovalev  1978).  The  fossil  record  of 
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FIGURE  109.  Geochronologic  history  of  the  Monostylate/Distylate  Mouth 
part  Class.  See  Appendix  F  for  taxa,  localities,  and  references 
corresponding  to  each  fossil  occurrence.  The  phylogram  is  after 
McAlpine  and  Martin  (1966) ,  Rohdendorf  (1980) ,  Hennig  (1981)  ,  Matile 
(1981),  Woodley  (1989)  and  Waters  (1989a,  1989b).  The  level  of  taxo 
nomic  analysis  is  the  family.  The  outgroup  is  Bibionoidea.  These 
fossil  occurrences  are  not  necessarily  a  complete  inventory  of  all 
documented  fossil  members  of  this  mouthpart  class. 
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insectivorous  empidids  becomes  qualitatively  better  during  the  Tertiary. 
Although  scenopinid  asiloids  have  been  documented  from  the  Upper  Juras¬ 
sic  of  the  USSR  (Rohdendorf  1974,  1980),  the  earliest  known  asilid  is 
from  the  Late  Eocene  of  the  Wyoming  [23]  (Wilson  1978a). 

The  fossil  history  of  nectarivorous  monostylate/distylates  origi¬ 
nates  with  a  Middle  Jurassic  bombyliid  from  the  USSR  [65]  (Kalugina  and 
Kovalev  1985),  although  this  early  taxon  may  have  lacked  elongate, 
nectar-associated  mouthparts.  The  much  younger  Proplatypygus ,  a 
bombyliid  from  Siberian  amber  [37]  however  does  possess  long,  nectar - 
associted  mouthparts  (Zaitzev  1981) .  Several  bombyliids  have  been  found 
in  Late  Eocene  to  Late  Miocene  Dominican  amber  [17]  (Baroni-Urbani  and 
Saunders  1982) .  The  earliest  acrocerid,  Archocyrtus  gibbosus  Ussatchov 
1968,  comes  from  Upper  Jurassic  deposits  of  the  USSR  [60] ,  although  this 
group  does  not  reappear  in  the  fossil  record  until  the  Middle  Tertiary 
[23,19]  (Hennig  1968,  Wilson  1978a).  One  subfamily  of  the  nominally 
insectivorous  and  predaceous  Empididae,  the  Hybotinae,  is  nectarivorous 
and  is  represented  by  the  fossil  Trichinites  cretaceous  Hennig  1970  from 
the  Lower  Cretaceous  amber  deposits  of  Lebanon  [55] .  This  oldest  record 
for  a  nectarivorous  empidid  is  succeeded  by  Pseudacarteus  orapensis 
Waters  1989b  from  the  Lower  Cretaceous  of  Botswana  [43],  Other  hybotine 
empidids  are  recorded  from  Early  Tertiary  deposits.  According  to  Waters 
(1989b) ,  hybotine  empidids  were  pollinators  of  Early  Cretaceous  angio- 
sperms  and  were  subsequently  outcompeted  by  more  efficient  pollinators 
during  the  Late  Cretaceous  and  Early  Tertiary. 
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Previous  Designations.  In  discussions  of  mouthpart  groups  prior 
to  the  1930' s,  the  monostylate/distylate  mouthpart  class  was  subsumed 
under  a  general  "dipteran"  designation  that  included  several  mouthpart 
classes  of  this  study.  Later  Metcalf  (1929)  and  Metcalf  etal.  (1962) 
considered  the  "common  biting  fly  or  dipterous  subtype"  as  a  theme 
within  a  piercing- sucking  type  of  their  Haustellate  Series  (Table  6) . 
However  none  of  the  four  taxonomic  families  of  their  members  of  the 
monostylate/distylate  class  were  mentioned.  James  and  Harwood  (1969), 
Denis  and  Bitsch  (1973)  and  Smith  (1985)  similarly  did  not  indicate  that 
asilids,  acrocerids,  empidids  or  bombyliids  possessed  mouthpart  struc¬ 
tures  different  from  other  dipterans  although  Matsuda  (1965)  devoted  a 
discussion  to  Whitfield's  (1925),  Bletchley's  (1954)  and  Kristoph's 
(1961)  studies  of  asilid  and  empidid  mouthparts.  Chaudonneret  (1989b), 
in  his  series  of  articles  on  hexapod  mouthparts  (1983  to  1989b) , 
provided  an  account  of  the  function  and  structure  of  asilid  head  and 
mouthpart  structure.  In  general  the  monostylate/distylate  mouthpart 
class  has  been  regarded  as  a  brachyceran  version  of  typical  nematoceran 
mouthparts . 

The  mouthpart  grouping  documented  in  this  section  previously  has 
not  been  named.  The  designation  monostylate/distylate  is  meaningful  as 
a  structurally  descriptive  label  and  as  a  reference  to  the  most  impor¬ 
tant,  diagnostic  mouthpart  feature  of  the  group.  The  term  monostylate/ 
distylate  has  no  prior  history  of  usage. 

Review  of  Literature.  Important  sources  for  data  regarding 
monostylate/distylate  mouthparts  originates  principally  from  three 
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studies  describing  the  head  and  mouthpart  structure  of  several  empidids 
and  an  asilid,  and  several  monographic  accounts  detailing  mouthpart  form 
and  frequently  mouthpart  evolution  within  dipterans  and  their  immediate 
ancestors.  However,  prior  to  these  works,  several  authors  during  the 
late  1800 's  and  early  1900 's  presented  some  of  the  first  descriptions  of 
monostylate/distylate  mouthparts.  They  include  Packard  (1898)  for  the 
asilid  Machimus  atricapillus  Falldn,  Smith  (1898)  for  Empis ,  Bombylius 
and  the  asilid  Laphria  and  Wesch6  (1902,  1904,  1909)  for  Empis  livida 
Linneaus,  Asilus  crabronformis  Linneaus  and  the  empidid  Tachydromia 
cursitans  Fabricius.  Subsequently  several  major  monographic  accounts  of 
mouthpart  structure  of  the  Diptera  were  presented,  including  Peterson's 
(1916)  exhaustive  descriptions  of  dipteran  head  and  mouthpart  structure 
of  the  asilid  Promachus  vertebratus  and  the  bombyliid  Exoprosopa 
fasciata  Macquart,  Crampton's  (1942)  study  of  external  dipteran  struc¬ 
ture  of  the  acrocerids  Oncodes ,  Lasia  and  Acrocera,  and  the  asiloid 
Astochia;  Snodgrass'  (1943,  1944)  contributions  to  piercing- and- sucking 
dipterans,  including  a  discussion  of  asilid  mouthparts;  and  Hoyt's 
(1952)  study  of  the  evolution  of  dipteran  mouthpart  structure,  in  which 
the  asilid  Dioctria  albius  Walker  was  viewed  as  a  structural  precursor 
to  a  generalized  stock  that  gave  rise  to  the  bombyliids  such  as  Toxo- 
phora  Osten  Sachen.  Meanwhile  the  mouthpart  structures  of  the  M. 
atricapillus  and  the  feeding  habits  of  asilids  in  general  were  described 
by  Whitfield  (1925) ,  the  head  and  mouthpart  structures  of  Empis  livida 
Linneaus  by  Bletchley  (1954),  and  descriptions  of  mouthpart  features  of 
several  empidids  were  given  by  Krystoph  (1961) .  Recent  taxonomic  and 
natural-historical  accounts  of  monostylates/distylates  can  be  found  by  a 
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multiauthored  monograph  on  Nearctic  dipterans  (McAlpine  1981) ,  including 
chapters  on  asilids  (Wood  1981c) ,  acrocerids  (Schlinger  1981) ,  bomby- 
liids  (Hall  1981)  and  empidids  (Steyskal  and  Knutson  1981) . 

8.9.6.  Distylate/Tetrastylate  Class 
(Class  28) 

Description.  Head  quadrate;  proboscis  short,  rarely  long.  Genae 
and  gula  prominent  to  minimally  developed.  Antennae  stylate  or  less 
commonly  otherwise;  ocelli  3;  compound  eyes  variable.  Mouthparts 
hypognathous ,  retractile,  labellate,  with  2  or  4  stylets. 

Clypeal  shape  variable,  fused  to  frons .  Labrum  transversely 
elongate  or  quadrate,  undivided,  with  a  variable  margin.  Hypopharynx 
long  and  stylate,  rarely  otherwise;  epipharynx  stylate  and  adjoined  to 
labrum,  rarely  otherwise.  Mandibles  absent.  Maxilla  with  one  basal 
sclerite  and  bearing  a  lacinia  and  palpus  only.  Maxillary  palpus 
variable  in  type,  segmentation  and  length;  lacinia  s ty late- acuminate , 
long.  Labium  with  one  or  two  basal  sclerites,  bearing  a  labellum  and 
with  or  without  glossae.  Labial  palps  2 -segmented,  labellate  and  short. 
Glossae  generally  absent;  when  present  lingulate  or  papillate. 

Key  Phenocharacters .  Distylate/tetrastylates  bear  the  unique 
combination  of  a  short,  retractile,  hypognathous  labellum  bearing  a 
distal  fleshy  expansion,  and  either  hypopharyngeal  and  epipharyngeal 
stylets  in  combination  with  a  pair  of  lacinial  stylets  (the  tetrastylate 
condition)  or  a  pair  of  lacinial  stylets  only  (the  distylate  condition) . 
The  distylate/tetrastylate  mouthpart  class  is  one  of  several  stylate- 
haustellate  mouthpart  types  with  an  overall  dipteran  facies  and  thus 
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must  be  distinguished  from  the  monostylate/distylate ,  hexastylate, 
tubulostylate  and  labellate  classes.  Distylate/tetrastylates  cannot  be 
confused  with  other,  nondipteran  mouthpart  classes. 

Distylate/tetrastylates  most  closely  resemble  monostylate/ 
distylates  (Section  8.9.5),  but  are  differentiated  from  them  by  presence 
of  a  short,  distally- expanded  proboscis  and  presence  of  an  epipharyngeal 
stylet  in  almost  all  forms.  When  compared  to  hexastylates  (Section 
8.9.7),  distylate/tetrastylates  have  two  or  four  stylets  rather  than  six 
stylets  and  the  presence  of  a  stout,  brachyceran  labellum  rather  than 
the  longer,  nematoceran  labellum.  Unlike  the  distylate/tetrastylate 
condition,  tubulostylates  possess  a  prognathous,  often  dorsoventrally 
flattened  head  with  prognathous  mouthparts  consisting  of  a  single  stylet 
formed  from  a  modified,  rigid  labellum  with  prestomal  teeth  (Section 
8.9.9).  Labellate  mouthparts  (Section  8.5.3)  lack  stylets,  although  the 
labellum  (modified  labial  palps)  is  near  indistinguishable  in  both 
classes . 

Diversity  and  Natural  History.  The  distylate/tetrastylate  mouth- 
part  class  comprises  fluid- feeding,  insectivorous  or  nectarivorous , 
medium-  to  very  large  brachyceran  dipterans  (Fig.  110)  that  are  strong 
fliers  and  runners  and  occur  in  a  variety  of  terrestrial  habitats.  Two 
major  trophic  groups  are  clearly  differentiable:  (i)  insectivores  that 
feed  by  sucking  out  liquified  contents  of  insectan  prey,  and  (ii) 
nectarivores  and  (exposed?)  plant  sap-feeders  on  vascular  plants.  The 
major  ecologic  competition  for  distylate/tetrastylates  originates  from 
other  dipteran  mouthpart  classes,  specifically  monostylate/distylates , 
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some  hexastylates  and  probably  labellates ;  distylate/tetrastylates 
probably  do  not  compete  with  faithful  pollinators  such  as  glossates  or 
siphonates.  The  distylate/tetrastylate  class  taxonomically  comprises 
five  families  and  approximately  60  genera  and  1100  species  (Appendix  D) , 
translating  to  a  rank-order  of  26  out  of  34  mouthpart  classes  (Table  5, 
Fig.  131) .  Although  the  origin  of  the  mouthpart  class  can  be  traced  to 
the  Late  Triassic,  they  currently  do  not  comprise  a  significant  propor¬ 
tion  of  extant  insect  diversity. 

Therevid,  mydid  and  rhagionid  members  of  the  mouthpart  class 
consist  of  both  insectivorous  and  plant- imbibing  species- -a  distinction 
which  is  often  gender- specific .  Females  tend  to  be  predatory  and 
insectivorous  whereas  males  are  generally  nectarivorous  or  imbibe  plant 
sap.  Although  some  therevids  are  predaceous,  most  are  fluid- imbibers  of 
nectar,  sap,  exudates,  honeydew  and  various  insect  secretions  (Irwin  and 
Lyneborg  1981)  and  are  associated  with  flowers  (Proctor  and  Yeo  1973) . 
Mydids  are  similarly  flower- feeders  (Wilcox  1981,  Zaitlin  and  Larsen 
1984) ,  although  some  with  atrophied  mouthparts  probably  do  not  feed  and 
others  may  be  predatory  (Parmonov  1950) .  Anisopodids  apparently  only 
feed  on  nectar  and  other  fluid  foods  (Malloch  1917).  Whereas  most 
female  rhagionids  are  predaceous  on  other  insects  (Richards  and  Davies 
1977,  Willemstein  1987),  most  males  and  a  few  females  feed  on  honeydew 
and  plant  fluids,  including  nectar  (James  and  Turner  1981).  Other 
rhagionids  such  as  Symphoromyia  suck  blood  of  warm-blooded  vertebraes 
and  are  hexastylates.  The  dietary  and  feeding  habits  of  ironomyiids  are 
unknown. 
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Structural  Themes.  Five  characters  distinguish  the  two  themes 
that  are  expressed  in  the  dendrogram  of  distylate/tetrastylate  mouthpart 
(Fig.  111).  The  first  theme  consists  of  three  anisopodid  taxa  (Subclus¬ 
ter  1,  data-set  taxa  852  to  853  in  Fig.  Ill),  and  is  characterized  by 
the  presence  of  a  nematoceran- aspect  fasiculate  haustellum,  nonstylate 
or  nonaristate  antennae,  a  conspicuous  clypeal  pump,  a  quadrate -shaped 
labrum,  a  maxillary  palp  with  an  enlarged  middle  segment  and  lingulate 
glossae.  The  second  theme  consists  of  the  remaining  taxa  (Subcluster  2, 
taxa  875  to  904)  which  bear  a  brachyceran- aspect ,  labellate  haustellum, 
stylate  or  aristate  antennae,  a  de-emphasized  clypeal  pump,  a  trans¬ 
versely-  elongate  labrum ,  more  generalized  maxillary  palpi  without 
enlarged  middle  segments  and  either  rudimentary  glossae  or  glossal 
absence.  These  two  themes  are  not  significant  departures  from  the  many 
characters  that  define  distylate/tetrastylate  mouthparts  (see  branch- 
lengths  of  clusters  in  Fig.  28)  and  should  be  regarded  as  only  minor 
patterns . 

Geochronologic  History.  The  geochronologic  history  of  the 
distylate/tetrastylate  mouthpart  class  is  characterized  by  the  loss  of 
two  or  four  paired  or  unpaired  stylets  from  the  six- stylet  condition 
that  occurred  plesiomorphically  in  hexastylates  (see  Section  8.9.7). 

The  pattern  of  distylate/tetrastylate  diversification  is  characterized 
by  initial  establishment  of  an  early  nematoceran  (anisopodan)  lineage  by 
Late  Triassic  time,  followed  soon  thereafter  by  a  brachyceran  (rhagio- 
nid)  lineage  during  the  Early  Jurassic  and  subsequent  evolution  of  the 
more  apomorphic  Mydidae  and  Therevidae  probably  during  the  Early 
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Cretaceous  (Fig.  112)  (after  Rohdendorf  1974,  1980;  Kalugina  and  Kovalev 
1985).  The  Ironomyiidae ,  apparently  a  plesiomorphic  cyclorrhaphan  group, 
probably  has  a  more  ancient  ancestry  and  may  have  originated  during  the 
Late  Jurassic  or  Early  Cretaceous  (McAlpine  and  Martin  1966) .  It  is 
highly  likely  that  members  of  any  one  of  these  clades  became  attracted 
to  nectar  as  a  food  during  the  Cretaceous  angiosperm  diversification 
(Willemstein  1987)  or  even  earlier. 

The  Anisopodidae  is  the  earliest- occurring  distylate/tetrastylate 
clade,  with  Protolb iogaster  rhaetica  Kalugina  1985  from  the  Late 
Triassic/Early  Jurassic  of  the  USSR  [73]  referrable  to  the  family.  The 
anisopodid  fossil  record  is  only  moderately  represented;  younger 
occurrences  include  taxa  from  the  Upper  Jurassic  of  the  USSR  [60] 
(Rasnitsyn  1988),  Upper  Cretaceous  of  Canada  [35]  (McAlpine  and  Martin 
1969)  and  various  Tertiary  records  [23,19,15]  (Wilson  1978a,  Keilbach 
1982)  .  The  earliest  rhagionid  is  Protobrachyceron  liasinum  Handlirsch 
1908  from  the  Early  Jurassic  of  Germany  [68];  an  approximately  coeval 
species  is  Ija  problematica  Kovalev  1981  that  has  been  documented  from 
the  USSR  [67],  A  relatively  rich  fossil  record  of  rhagionids  is  known 
from  the  Jurassic  [68-65,62,60]  (Kovalev  1981,  1982,  1985;  Kalugina  and 
Kovalev  1985)  although  it  becomes  sparser  during  the  Lower  Cretaceous 
with  occurrences  in  strata  from  England  [57]  (Jarzembowski  1984)  and 
southern  Australia  [53]  (Jell  and  Duncan  1986) .  Ambers  from  the  Upper 
Cretaceous  of  the  USSR  [37]  (Zherikin  and  Sukacheva  1973)  and  the  Upper 
Eocene/Lower  Oligocene  of  the  Baltic  Region  [19]  (Hennig  1967)  as  well 
as  other  Tertiary  occurrences  contain  well  documented  rhagionids  (Fig. 
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FIGURE  112.  Geochronologic  history  of  the  Distylate/Tetrastylate 

Mouthpart  Class.  See  Appendix  F  for  taxa,  localities  and  references 
corresponding  to  each  fossil  occurrence.  The  phylogram  is  after 
McAlpine  and  Martin  (1966) ,  Rohdendorf  (1980)  ,  Hennig  (1981)  ,  Matile 
(1981),  Woodley  (1989)  and  Waters  (1989a,  1989b).  The  taxonomic 
level  of  analysis  is  the  family.  The  outgroup  is  Culicoidea.  These 
fossil  occurrences  are  not  a  complete  inventory  of  all  documented 
fossil  members  of  this  mouthpart  class. 
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112).  The  Ironomyiidae ,  first  recognized  in  the  Recent  fauna  by  a  rare 
southern  Australian  and  Tasmanian  species  (McAlpine  and  Martin  1966)  has 
now  been  recognized  in  Upper  Cretaceous  amber  from  Canada  [35]  by 
McAlpine  (1973),  although  ironomyiids  subsequently  have  been  recorded 
from  older  Cretaceous  sediments  [52,42]  (Rasnitsyn  1988).  Mydids  and 
therevids  have  poor  fossil  records;  both  are  known  from  the  Early 
Oligocene  of  Colorado  [15]  (Cockerell  1909,  1913),  although  a  therevid 
has  been  documented  from  older  Baltic  amber  [19]  (Keilbach  1982)  . 

Previous  Designations.  This  mouthpart  type  has  not  been  discussed 
or  recognized  previously  as  a  discrete  structural  type,  with  the 
possible  exception  of  references  to  a  tabanoid  brachyceran  mouthpart 
type  (Denis  and  Bitsch  1973,  Smith  1985,  Chaudonneret  1989b).  In  these 
examples  the  mouthpart  structure  of  the  hexastylate,  Tabanus ,  was 
described  as  a  model  for  a  mouthpart  type,  which  is  not  applicable  to 
the  distylate/tetrastylate  condition  described  herein.  (See  Table  6  for 
a  brief  history  of  nomenclature.)  I  am  using  the  term  distylate/ 
tetrastylate  to  refer  to  the  mouthpart  class  of  this  section  because  of 
the  presence  of  either  two  or  four-stylets  as  the  principal,  interactive 
mouthpart  elements . 

Review  of  Literature.  The  structure  of  distylate/tetrastylate 
mouthparts  is  well -documented  in  several  comprehensive  studies  of  the 
mouthparts  from  several  selected  species,  numerous  partial  accounts 
describing  mouthpart  elements  and  a  few  major  surveys  of  mouthpart 
structure  throughout  the  order.  Major  accounts  devoted  to  distylate/ 
tetrastylate  mouthpart  structure  include  Bletchley  (1955)  for  the 
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rhagionid  Rhagio  scolopacea  (Linneaus) ,  Chassagnard  and  Tsacas  (1974) 
for  the  rhagionids  Chrysopilus  auratus  Fabricius  and  V  ermileo  vermileo 
DeGeer,  and  Zaitlin  and  Larsen  (1984)  for  the  mydid  Hydas  clavatus 
(Drury) .  Various  examinations  of  selected  distylate/tetrastylate 
mouthpart  structures  include  Kellogg  (1899)  for  the  anisopodid  Rhyphus 
sp.,  Weschd  (1909)  for  C.  auratus,  Anthon  (1943a)  for  details  of 
anisopodid  mouthparts,  Me Alpine  (1967)  for  the  ironomyid  Ironomyia 
White,  Teskey  (1981c)  for  V.  vermileo,  Peterson  (1981a)  for  the  anisopo¬ 
did  Mycetobia  divergens  Walker,  and  Wilcox  (1981)  for  M.  clavatus .  The 
last  three  of  these  sources  are  found  in  volume  1  of  Manual  of  Nearctic 
Diptera,  edited  by  McAlpine  et  al.  (1981).  Lastly,  valuable  references 
for  mouthpart  and  head  structure  of  several  taxa  of  distylate/ 
tetrastylates  can  be  found  in  Peterson  (1916) ,  Crampton  (1942)  and  Hoyt 
(1952)  . 

8.9.7.  Hexastylate  Class 
(Class  29) 

Description.  Head  quadrate  or  vertically  prolonged;  proboscis 
short  to  very  long.  Genae  minimally  developed  to  expansive;  gula 
minimally-  to  well -developed.  Antennae  setaceous,  filiform,  moniliform, 
plumose  or  stylate;  ocelli  absent,  rarely  2  or  3;  compound  eyes  expan¬ 
sive  or  rarely  divided  into  separate  units.  Mouthparts  hypognathous , 
stylate-haustellate,  hexastylate  (very  rarely  tetrastylate) ,  nonretrac- 
tile.  Food  pump  clypeal  and  pharyngeal. 

Clypeus  quadrate,  infrequently  vertically- elongate;  fused  to  frons 
or  undivided  and  separate .  Labrum  vertically  very  elongate ,  rarely 
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transversely- elongate;  undivided;  margin  spinose,  mucronate/acuminate  or 
acute.  Hypopharynx  long  and  stylate,  with  a  salivary  syringe;  epiphar- 
ynx  stylate,  adjoined  to  labrum.  Mandibles  monocondylic ;  stylate  or 
ensiform  blades;  serrated,  rarely  edentate;  musculated  by  protraction/ 
retraction.  Maxillary  basal  sclerites  variable  in  shape  and  number; 
infrequently  lacking  a  galea.  Maxil  lary  palps  pectinate,  filiform- 
clavate  or  serrate;  intermediate  to  rarely  long  in  length.  Galea  mostly 
absent,  rarely  a  generalized  lobe;  lacinia  stylate -acuminate.  Labium 
basal  segments  variable  in  shape  and  number;  paraglossae  absent,  glossae 
often  absent.  Labial  palpus  a  2 -segmented  labellum.  Glossae  general¬ 
ized,  papillate,  penicillate  or  infrequently  absent.  Interregional  co¬ 
optation  of  mouthpart  elements  present. 

Key  Phenocharacters .  The  distinctive  feature  of  the  Hexastylate 
Mouthpart  Class  is  the  presence  of  haustellate  mouthparts  bearing  six 
stylets  and  the  lack  of  a  lever-based  protraction/retraction  mechanism 
for  the  proboscis .  Important  features  that  are  associated  but  not 
diagnostic  of  hexastylates  when  compared  to  other  adult  dipteran 
mouthpart  classes  include  the  lack  of  ocelli  and  the  presence  of 
serrated,  ensiform  or  stylate  mandibles. 

Adults  of  noncyclorrhaphan  dipterans  are  members  of  four  mouthpart 
classes,  namely  the  labellate,  monostylate/distylate ,  distylate/ 
tetrastylate  and  hexastylate  classes  (Sections  8.5.2,  8.9.5  to  8.9.7). 
There  is  significant  taxonomic  overlap  among  these  mouthpart  classes. 
While  labellates  lack  stylets,  the  other  three  are  differentiated 
primarily  by  stylet  number.  Hexastylates  possess  the  full  complement  of 
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epipharyngeal,  hypopharyngeal ,  paired  mandibular  and  paired  lacinial 
stylets;  monostylate/distylates  either  have  a  single  hypopharyngeal 
stylet  or  paired  lacinial  stylets;  and  distylate/tetrastylates  bear 
either  two  (paired)  lacinial  stylets,  or  four  stylets  consisting  of  a 
hypopharynx ,  epipharynx  and  paired  laciniae  (see  Sections  8.9.5  and 
8.9.6).  Also,  hexastylates  are  separated  from  the  other  noncyclor- 
rhaphan  mouthpart  classes  by  the  presence  of  prominent,  piercing  or 
cutting  mandibles  that  the  others  lack.  Confusion  with  the  Segmented 
Beak  Mouthpart  Class  (Section  8.9.2)  is  avoided  by  recognition  of 
differences  in  stylet  number  and  the  complete  absence  of  palpi  in 
segmented  beaks .  Some  taxa  in  the  nonhaustellate  mouthpart  classes 
(Sections  8.8.2,  8.8.3)  bear  six  stylets,  but  they  lack  a  haustellum  and 
possess  major  differences  in  palpal  presence  and  type. 

Diversity  and  Natural  History.  Hexastylates  comprise  small-  to 
medium-sized,  able-flying  insects  that  are  predaceous  on  other  insects, 
sanguinivorous  (blood- sucking)  on  terrestrial  vertebrates  and  infre¬ 
quently  nectarivorous  on  flowering  plants  (Fig.  113).  In  terms  of  their 
effect  as  predators  on  insects  and  tetrapod  vertebrates  and  their  under - 
appreciated,  modest  role  as  pollinators  of  flowering  plants,  hexasty¬ 
lates  are  a  moderately  important  component  in  terrestrial  ecosystems. 
Hexastylates  comprise  10  families,  400  genera  and  approximately  14,600 
species  (Appendix  D)  and  have  a  rank- order  of  13  out  of  34  mouthpart 
classes  (Table  5,  Fig.  131).  Based  on  certain  assumptions  of  character- 
state  reversals ,  the  origin  of  hexastylate  mouthparts  may  have  occurred 
only  once,  with  concomitant  reduction  of  stylets  and  corresponding 
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expansion  of  the  labellar  surface  in  several  clades  (Downes  1971,  the 
hypothesis  preferred  herein) ,  or  it  may  have  originated  as  many  as  four 
times  (Psychodidae ,  Culicoidea,  Belepharoceridae ,  Tabanidae  +  Rhagioni- 
dae) ,  if  the  ancestral  dipteran  was  labellate.  There  is  limited 
evidence  that  the  hexastylate  condition  is  diphyletic,  originating  once 
in  primitive  Nematocera  and  again  in  the  primitively  labellate  Brachy- 
cera  (see  Mattingly  1965,  Downes  1971).  Recent  paleobiological  evidence 
indicates  that  hexastylates  extend  to  the  Triassic  and  possibly  the 
Permian  (Downes  1971,  Rohdendorf  1974). 

There  is  substantial  documentation  of  the  feeding  mechanisms, 
diets  and  general  ecology  of  hexastylates .  Much  of  this  descriptive 
data  originates  from  various  investigations  of  pathogen- transmitting 
dipteran  species  in  tropical  and  subtropical  regions.  Motivation  for 
understanding  the  feeding  habits,  diets  and  hosts  of  many  hexastylate 
species  involve  attempts  toward  their  biological  control  and,  in  some 
cases ,  eradication  of  disease  vectors  in  regions  of  pandemic  infesta¬ 
tion.  All  sanguinivorous  hexastylates  are  predatory  on  mammals,  birds, 
reptiles,  amphibians  and  amphibious  fish,  in  decreasing  order  of 
frequency.  A  few,  such  as  the  culicid  Toxorhynchites  may  be  entirely 
nectarivorous  (Gillett  1971) .  Although  various  nectar -containing  sugars 
are  important  for  most  species  as  a  food  source,  less  is  known  about 
nectarivory  than  sanguinivory  (O'Meara  1987). 

Hexastylates  have  a  distinctive  feeding  cycle  that  may  be  either 
nocturnal  or  diurnal  since  sanguinivory  and  nectarivory  is  confined  to  a 
few  hours  or  less  per  day  (O'Meara  1987).  Consequently,  vertebrates 
must  be  spatially  and  temporally  available  during  these  feeding  hours  if 
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feeding  is  to  occur.  Thus,  in  many  predators  studied,  host- locating 
behavior  is  important  and  includes  senses  capable  of  monitoring  host 
attributes  such  as  temperature,  odor,  movement  and,  infrequently,  sound 
(O'Meara  1987).  Once  the  hexastylate  predator  has  approached  the  host 
other  types  of  sensory  organs  are  engaged  that  are  capable  of  detecting 
carbon  dioxide  and  heat  production,  humidity  and  light  intensity  of  a 
potential  host  (Mclver  and  Sutcliffe  1986).  After  alighting  on  a 
suitable  host,  feeding  generally  commences.  The  frequency  of  feeding 
varies  considerably  within  hexastylates .  Some  species  from  all  constit¬ 
uent  taxonomic  families  are  autogenous  (the  derived  condition)  and  thus 
are  able  to  oviposit  their  first  batch  of  eggs  without  a  blood  meal, 
whereas  anautogenic  species  require  one  or  two  blood  meals  for  ovigene¬ 
sis  (Downes  1971) .  Overwintering  forms  may  require  several  blood  meals 
for  the  production  of  fat  bodies  that  are  subsequently  metabolized  for 
ovigenesis  and  oviposition  during  the  ensuing  Spring.  For  anautogenous 
forms,  evidence  indicates  that  a  minimum  volume  of  blood  is  necessary  to 
induce  the  gonotrophic  cycle;  for  those  lacking  a  gonotrophic  cycle, 
feeding  occurs  more  requently  and  can  be  as  often  as  12  times  per  day  in 
tabanids  but  more  commonly  is  twice  daily .  Most  forms  feed  once  every 
three  to  ten  days  (O'Meara  1987).  For  other  anautogenous  forms  blood 
alone  is  insufficient  for  ovarian  development  and  carbohydrates  are 
required  for  the  production  of  fat  bodies  for  metabolism  after  the  first 
gonotrophic  cycle  (Downes  1958) .  In  laboratory  experiments  females  that 
were  blood- fed  died  in  two  weeks  whereas  females  that  were  fed  on  blood 
and  sugar  lived  for  12  weeks  (Leeson  1939).  Apparently  amino  acids  from 
blood  contain  a  protein  that  is  essential  for  egg  development. 
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Most  accounts  of  dipteran  evolution  conclude  that  insectivory  is 

plesiomorphic  and  sanguinivory  is  apomorphic  (Beklemshev  1957,  Downes 

1958,  Waage  1979,  Jones  1989).  The  principal  hypothesis  for  the  origin 

of  sanguinivory  posits  a  transformation  series  in  which  a  predaceous 

ancestral  nematoceran  fed  on  other  nematocerans ,  particularly  blood- 

unengorged  culicids .  This  predator  eventually  shifted  to  predation  on 

* 

culicids  with  distended  abdomens  of  mammalian  blood  and  was  followed 
later  by  direct  predation  on  mammalian  hosts.  This  hypothesis  begs  the 
question  of  the  ultimate  origin  of  sanguinivory;  an  alternative  hypothe¬ 
sis  suggests  that  predation  on  mammalian  host  blood  is  ancestral  and 
both  consumption  of  "secondhand"  mammalian  blood  from  engorged  culicids 
and  predation  on  other  nematocerans  are  derived  (Downes  1958) . 

Although  there  are  many  hexastylate  taxa  that  are  predaceous  on 
other  insects  and  suck  out  their  bodily  fluids  for  food,  most  are 
sanguinivorous  (Fig.  113).  Sanguinivory  has  assumed  two  major  feeding 
strategies.  The  first  strategy  are  those  taxa,  such  as  Culicidae 
(mosquitoes)  and  Chaoboridae  (phantom  midges),  with  long  proboscides 
that  locate  individual  subdermal  capillaries  and  insert  their  stylet 
tube  some  distance  into  the  blood  vessel  lumen  for  imbibation  (Downes 
1971) .  The  second  feeding  strategy  occurs  in  other  taxa  such  as 
Ceratopogonidae  (punkies) ,  Simuliidae  (black  flies)  and  Tabanidae  (horse 
flies)  that  bear  bladelike,  slashing  mandibles  and  laciniae  instead  of 
long,  gracile,  piercing  stylets  and  are  able  to  lacerate  surface  skin 
for  imbibation  of  the  resulting  pooled  blood  (Downes  1971) .  A  "transi¬ 
tional"  feeding  style  occurs  among  some  culicids  that  are  able  to  locate 
a  subdermal  capillary  with  their  stylet  fasicle  but  are  unable  to 
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penetrate  the  vessel  lumen  after  it  has  been  punctured  (Gillett  1971) . 

As  the  capillary  blood  hemorrhages  and  pools  in  the  surrounding  tissue, 
it  is  imbibed.  Further  subdivisions  of  feeding  type  can  be  made  within 
the  two  above  feeding  strategies.  Gad  (1951)  has  characterized  the 
structurally  diverse,  bladelike  mouthparts  of  ceratopogonids  into  types 
that  are  associated  with  nectarivory,  sanguinivory  and  insectivory. 

Insectivory  is  common  in  most  hexastylate  families  and  particu¬ 
larly  among  ceratopogonids .  Predaceous  ceratopogonids  generally  capture 
prey  in  flight  by  use  of  raptorial  legs  and  hooked  tarsal  claws , 
frequently  tumbling  to  the  ground  after  the  prey  is  captured.  The 
victim  is  punctured  in  the  eye,  neck  or  other  membranous  region,  and  the 
liquified  body  tissues  of  the  prey  is  sucked  dry  after  proteinase- laden 
saliva  is  injected  into  the  victim.  Virtually  all  insect  orders  are 
attacked  by  ceratopogonids,  including  comparatively  large,  ground¬ 
dwelling  orthopterans  (Gad  1951),  but  especially  other  dipterans. 
Ceratopogonid  genera  such  as  Forcipomyia  common  feed  on  large  blood 
vessels  of  the  wings  of  large  insects  such  as  dragonflys ,  butterflys  and 
planipennians  (Gad  1951,  Downes  1971).  Individuals  of  the  same  genus 
have  been  recorded  sucking  the  body  fluids  from  a  caterpillar  for  a  few 
days  until  the  victim  died  and  ovarian  development  of  the  predator  was 
complete,  indicating  a  rare  example  of  hexastylate  parasitism  (Downes 
1971).  Females  of  the  ceratopogonid  Atrichopogon  sp.  attack  meloid  and 
oedomerid  beetles  by  puncturing  their  intersegmental  membrane  (Downes 
1955) . 

The  curious  habit  of  female  ceratopogonids  feeding  on  conspecific 
males  in  copulo  has  been  documented  by  Downes  (1978) .  Female 
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ceratopogonids  enter  swarms  of  male  conspecifics  and  during  copulation 
puncture  the  male  in  the  cervical  region  for  feeding.  As  the  female 
abdomen  is  distended  from  consumption  of  the  male,  sperm  transfer  con¬ 
tinues  and  is  later  followed  by  the  breaking  off  of  the  attached,  dry 
cuticular  carcass  of  the  still -attached  male.  The  terminal  abdominal 
segments  and  attached  genitalia  of  the  male  often  remains  attached  to 
the  female. 

Sanguinivory  in  hexastylates  only  occurs  among  females  and  is 
often  necessary  for  ovarian  development.  Psychodids  (moth  flies), 
culicids ,  chaoborids,  simuliids,  ceratopogonids,  tabanids  and  rhagionids 
(snipe  flies)  are  known  to  attack  tetrapods  for  blood  (Williams  and 
Edman  1968,  Downes  1971).  Although  it  was  once  thought  that  only  warm¬ 
blooded  vertebrates  were  attacked,  substantial  evidence  now  indicates 
that  reptiles,  amphibians  and  even  amphibious  fish  are  commonly  attacked 
(Downes  1958,  1971).  For  example  many  species  are  host-specific  to  or 
predominately  attack  frogs ,  including  the  psychodid  Syncorax  sp . ,  the 
culicid  Culex  apicalLs ,  the  ceratopogonid  Lasiohelea  velox  (Winnertz) 
and  the  rhagionid  Atrichops  crassipes  (Meigen) .  Other  examples  of 
predation  on  cold-blooded  hosts  include  the  ceratopogonid  Culicoides 
piliferus  Root  and  Hoffman  on  turtles ,  some  species  of  Tabanus  that 
attack  crocodiles,  lizards  and  turtles,  and  the  psychodid  Phlebotomus 
schwetzi  Adler,  Theodor  and  Parrott  which  feeds  on  various  reptiles. 

Some  species  of  Phlebotomus  often  have  a  wide  range  of  hosts,  often 
including  reptiles,  birds  and  diverse  mammals  (Downes  1958).  Typical 
host-associated  genera  on  mammals  such  as  Aedes ,  Anopheles  and  Culex 
have  species  that  feed  only  on  reptiles  (Downes  1971) .  In  spite  of  all 
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the  above  host  occurrences ,  most  hexastylate  families  attack  warm¬ 
blooded  vertebrates.  There  is  now  evidence  that  the  chaoborid  Core- 
thella  and  some  chironomids  (midges)  are  sanguinivores  on  vertebrates 
(Williams  and  Edman  1968,  Downes  1971). 

Nectar  and  pollen  recently  has  been  demonstrated  as  a  significant 
diet  in  both  sexes  of  some  hexastylates .  Among  culicids  many  taxa 
pollinate  small,  tubular  flowers  with  partially  concealed  nectar 
(Lamiaceae,  Apiaceae)  or  large,  dish- shaped  flowers  with  accessible 
nectar  (Rosaceae)  (Porsch  1958,  Proctor  and  Yeo  1973).  There  are 
several  records  indicating  that  psychodids  and  ceratopogonids  are 
attracted  to  sapromyophilous ,  heat-producing  flowers  such  as  Aristo- 
lochia.  Arum  and  Cetopegia  (Aristolochiaceae ,  Araceae)  whereas  simuliids 
are  attracted  to  Salix  (Saliaceae) ,  Malus  (Rosaceae)  and  Hedera  (Arali- 
aceae)  (Proctor  and  Yeo  1973,  Faegri  and  van  der  Pijl  1980).  Specific 
associations  include  the  pollination  of  orchids  by  the  culicid  Aedes  in 
Canada  (Gillett  1971)  and  Culex  in  Australia  (Armstrong  1979),  pollina¬ 
tion  of  European  Asteraceae  and  Sambucus  (Caprifoliaceae)  by  the 
blepharocerids  (net-winged  midges)  Apistomyia  elegans  Bigot  and  Lipo- 
neura  cinerascens  Loew  (Porsch  1958) ,  pollination  of  North  American 
Vaccinium  (Ericaceae)  by  Simulium  damnosum  Say  (Downes  1958)  and 
pollination  of  Apiaceae  by  the  female  ceratopogonid  Schizohelea  leuco- 
pezia  Meigen  (Gad  1951) .  Examples  of  hexastylate  consumption  of  other 
carbohydrate  sources  include  extrafloral  nectaries,  honeydew,  exposed 
plant  sap  and  ripe  fruit  (Gad  1951;  Downes  1958,  1971).  Downes  (1955) 
documented  the  first  example  of  pollinivory  among  hexastylates  in  both 
sexes  of  the  ceratopogonid  Atrichopogon  pollinivorous  Downes.  This 
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species  consumes  the  pollen  grain  contents  by  slicing  the  grain  exter¬ 
nally  by  mandibular  stylets  and  then  sucking  out  the  contents ,  akin  to 
the  punch- and- sucking  technique  of  the  mouthcones  (Section  8.9.4). 

Since  Downes'  (1955)  discovery,  three  other  species  of  Atrichopogon  are 
presumed  to  be  pollinivorous . 

Structural  Themes.  Six  major  themes  within  the  hexastylate 
mouthpart  class  are  evident  in  Fig.  114.  The  first  theme  is  a 
blepharocer id- dominated  subcluster  comprising  three  blepharocerids ,  two 
psychodids  and  an  ceratopogonid  (Subcluster  1,  data-set  taxa  812  to  869 
of  Fig.  114).  The  second  theme  comprises  a  culicid- dominated  subcluster 
(816  to  819)  with  five  culicids,  a  dixid  and  a  chaoborid.  A  third  theme 
is  a  ceratopogonid- dominated  subcluster  (837  to  844) ,  with  also  a 
simuliid.  The  fourth  theme  is  the  single  psychodid  Psychoda  albipennis 
Zetterstedt  (814) .  The  fifth  theme  is  a  brachyceran,  tabanid- dominated 
subcluster  (879  to  890)  that  includes  a  rhagionid.  The  sixth  theme 
consists  of  two  simuliids  (833,  835).  These  six  subclusters  each  center 
on  particular  family-level  groupings,  namely  culicids,  ceratopogonids , 
tabanids  and  simuliids.  However  there  is  sufficient  taxonomic  overlap 
to  suggest  that  many  of  these  themes  may  be  related  to  features  such  as 
mouthpart  sexual  dimorphism,  whether  a  mandibular  piercing- and- sucking 
or  slash- and- cutting  method  of  feeding  has  been  adopted,  or  whether  the 
distal  labellar  surface  is  fleshy  or  not. 

These  six  themes  are  largely  differentiated  by  eight  characters. 
Head  and  general  mouthpart- related  characters  include  whether  the  head 
is  quadrate  or  vertically-prolonged,  whether  the  proboscis  is  short, 
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HEXASTYLATE  MOUTHPARTS 


FIGURE  114.  Cluster  analysis  dendrogram  of 
stylate  Mouthpart  Class.  See  Fig.  28  for 
part  class  to  other  mouthpart  classes. 


taxa  comprising  the  Hexa- 
relationship  of  this  mouth- 
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long,  or  very  long,  and  whether  the  food  pump  is  dominated  by  a  clypeal 
or  a  pharyngeal  pump .  Specific  characters  pertaining  to  mouthparts 
include  whether  the  labral  margin  is  spinose,  mucronate  or  (rarely) 
spatulate;  whether  the  mandibles  are  long  and  piercing  or  bladelike  and 
slashing;  whether  the  maxillary  palps  are  filiform- clavate ,  serrate  or 
pectinate;  whether  the  galea  is  absent  or  present  as  a  small  generalized 
lobe;  and  whether  the  glossa  is  absent,  vestigial  and  papillate,  or 
larger  and  generalized.  Some  of  these  characters,  particularly  probos¬ 
cis  length,  mandibular  type  and  nature  of  the  food  pump  are  associated 
with  distinctive  feeding  styles . 

Each  of  these  six  themes  were  discussed  and  recognized  by  Matsuda 
(1965) ,  Smith  (1985)  and  Chaudonneret  (1989b)  in  their  reviews  of 
piercing- and- sucking  mouthparts  in  dipterans.  The  established  the 
mouthpart  distinctiveness  of  culicids  (theme  2  above) ,  psychodids/ 
ceratopogonids  (themes  1,  3  and  4),  simuliids  (theme  6)  and  horse  flies 
(theme  5) .  Denis  and  Bitsch  (1973)  and  to  a  lesser  degree  Snodgrass 
(1943)  additionally  recognized  mouthpart  structure  and  distinctions 
among  blepharocerids ,  psychodids  and  ceratopogonids  (themes  1,  3  and  4). 
These  studies  support  a  general  inference  that  thematic  distinctions 
within  hexastylates  are  based  on  stereotyped  structural  differences. 

Geochronologic  History.  Two  lines  of  evidence  have  been  used  to 
infer  the  geochronologic  history  of  the  Hexastylate  Mouthpart  Class: 
the  empirical  fossil  record  (Fig.  115)  and  patterns  of  food  resource  use 
feeding  mechanisms  among  primitive  and  derived  cades  of  extant  hexasty¬ 
lates.  From  this  perspective  the  fossil  record  is  more  instructive 
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FIGURE  115.  Geochronologic  history  of  the  Hexastylate  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  McAlpine  and -Martin 
(1966),  Rohdendorf  (1980),  Matile  (1981),  Hennig  (1981),  and  Waters 
(1989a,  1989b)  (but  also  see  Wood  and  Borkent  [1989]  and  Woodley 
[1989]  for  a  differing  view).  The  taxonomic  level  of  analysis  is  the 
family.  The  outgroup  is  Tipuloidea.  These  fossil  occurrences  are 
not  a  complete  inventory  of  all  documented  fossil  members  of  this 
mouthpart  class. 
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since  there  are  continuous  records  for  many  hexastylate  families  during 
the  Mesozoic  and  Cenozoic.  This  relatively  robust  fossil  record  is 
attributable  to  three  factors.  They  are  (i)  the  presence  of  aquatic 
larval  forms  of  most  hexastylates  that  are  preferentially  deposited  in 
those  freshwater  environments  that  are  more  likely  to  enter  the  sedimen- 
tological  record  than  terrestrial  environments,  (ii)  the  exhaustive  work 
of  Soviet  paleoentomologists  in  documenting  insect -bearing  stratal  sec¬ 
tions  from  lacustrine  basins  in  Central  Asia  and  (iii)  the  attraction  of 
many  adult  nematocerans  and  brachycerans  to  exposed  carbohydrate 
sources,  including  plant  sap  (Downes  1958,  1971)  and  their  subsequent 
entrapment  in  Cretaceous  and  Tertiary  ambers .  Although  hexastylates  are 
well  represented  in  the  fossil  record,  there  are  some  taxonomic  families 
that  are  relatively  enriched  and  others  that  are  depauperate.  Chirono- 
mids  and  rhagionids  have  the  most  continuous  and  frequently  occurring 
records  while  psychodids,  chaoborids,  simuliids  and  ceratopogonids  have 
sparse  but  still  relatively  continuous  records .  Although  thaumeleaids , 
blepharocerids  and  dixids  are  represented  in  the  Cretaceous ,  they  have 
very  poor  fossil  records,  with  one,  two  and  three  fossil  occurrences 
respectively.  Culicids  and  tabanids  by  contrast  are  more  abundant  but 
are  confined  only  to  the  Cenozoic. 

The  earliest  known  hexastylate  fossil  occurrences  are  the  archi- 
tendipids  Architendipes  tschnemovskii  Rohdendorf  and  Palaeotendipes 
alexii  Rohdendorf  from  the  Upper  Triassic  of  the  USSR  [73]  (Rohdendorf 
1974) .  Although  a  diverse  assemblage  of  plesiomorphic  dipterans  has 
been  described  by  Rohdendorf  (1974)  as  his  suborder  Archidiptera, 
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nothing  is  known  of  their  mouthpart  structure.  In  a  subsequent  examina¬ 
tion  of  upper  Lower  Jurassic  to  lower  Upper  Jurrasic  insect  faunas  of 
Asia,  Kalugina  and  Kovalev  (1985)  described  modern- aspect  hexastylate 
taxa  from  21  localities  of  the  Chulimo-Eniseykaya  Depression  [65],  Upper 
Kusnetsk  Basin,  Irkutsk  Basin  [67]  and  the  Zabaykakala  Region  [62,66]. 
These  faunas  yielded  well-preserved  larvae,  pupae  and  adults  of  psycho- 
dids,  chaoborids,  chironomids  and  rhagionids  that  apparently  bear  well- 
preserved  details  of  adult  head  structure.  Kalugina  and  Kovalev's 
(1985)  drawings  and  descriptions  of  these  taxa  are  generalized  and  they 
unfortunately  did  not  present  higher  magnifications  for  elucidation  of 
informative  head  and  mouthpart  structures .  Nevertheless  these  Jurassic 
forms  exhibit  the  facies  of  the  modern  families  to  which  they  are 
assigned  and  undoubtedly  were  hexastylates .  In  somewhat  younger  Late 
Jurassic  deposits  [59,60]  the  earliest  ceratopogonids  and  simuliids  are 
documented  (Grogan  and  Szadziewski  1988,  Rasnitsyn  1988).  In  a  study  of 
a  Lower  Cretaceous  lacustrine  deposit  from  southern  Australia  [53],  Jell 
and  Duncan  (1986)  described  simuliids,  chironomids,  chaoborids,  dixids 
and  rhagionids,  most  of  which  were  similar  to  or  assignable  to  extant 
subfamilies,  tribes  or  genera.  From  Late  Cretaceous  and  Tertiary  ambers 
[45,37,36,35,19,17]  numerous  taxa  often  referrable  to  modern  genera  have 
been  described  (Boesel  1937;  Hennig  1966,  1967;  Remm  1976;  Schlttter 
1978;  Larsson  1978;  Keilbach  1982;  Grogan  and  Szadziewski  1988). 

Stylate,  piercing- and- sucking  mouthparts  is  probably  plesio- 
morphous  within  nontipuloid  nematoceran  dipterans  (Downes  1971)  and  this 
feeding  style  may  have  originated  during  the  Triassic  (Rohdendorf  1974) 
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or  may  extend  to  the  Permian  (Tillyard  1935,  Beklimishev  1957,  Downes 
1971).  By  the  Early  Jurassic,  psychodid,  culicoid  and  tabanoid  styles 
of  blood- feeding  were  present  (Downes  1971) .  Prior  to  this  time 
dipteran  sanguinivory  probably  originated  from  a  predatory  habit  wherein 
there  was  a  subsequent  shift  from  liquified  insect  tissues  to  vertebrate 
blood  (see  above  section  on  "Diversity  and  Natural  History"  for  exposi¬ 
tion  of  a  contrary  view) .  Grogan  and  Szadziewski  (1988)  have  indicated 
that  blood- sucking  is  plesiomorphous  for  the  Chironomidae  and  their 
sister-group,  the  Ceratopogonidae ,  and  for  the  Chaoboridae  and  their 
sister-group,  the  Culicidae.  These  authors  have  also  determined  that 
insect  predation  and  the  habit  of  female  ceratopogonid  cannibalism  of 
the  male  during  copulation  is  derived. 

This  shift  toward  sanguinivory  probably  occurred  relatively  early 
in  dipteran  phylogeny  since  the  primitive  condition  of  four  constituent 
culicoid  families  (Chironomidae  +  Ceratopogonidae,  Culicidae  +  Chaobori¬ 
dae)  is  sanguinivory  and  one  family  from  each  pair  has  a  fossil  record 
extending  to  the  Early  Jurassic  [66]  (Fig.  115).  Although  currently 
these  culicoid  families  are  primitively  and  dominately  sanguinivorous  on 
modern  aspect  warm-blooded  mammals,  their  occurrence  in  various  Creta¬ 
ceous  and  Jurassic  deposits  (Remm  1976,  Kalugina  and  Kovalev  1985, 

Grogan  and  Szadziewski  1988)  raises  the  question  of  the  identitiy  of 
their  Mesozoic  hosts .  Endothermic  mammals ,  birds  and  derived  dinosaurs 
are  known  from  the  Cretaceous  and  ancestral  primitive  mammals  have  a 
fossil  record  dating  to  the  Early  Jurassic  (Kemp  1985) .  Presumptive 
warm-blooded  therapsids  are  well -documented  from  the  Triassic  (Carroll 
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1988) .  However  recent  documentation  of  sanguinivory  on  cold-blooded 
vertebrates  by  taxa  representing  most  hexastylate  familes  (vide  supra.) 
indicates  that  tetrapods  such  as  lissamphibians ,  turtles,  lizards  and 
archaic  ectothermic  dinosaurs  also  could  have  been  hosts  for  early 
sanguinivorous  hexastylates . 

Previous  Designations.  The  distinctiveness  of  the  mosquito  mouth- 
part  type  for  feeding  was  recognized  by  Aristotle  during  the  Third 
Century  B.C.  In  his  De  Partibus  Animalium,  Aristotle  categorized  those 
insects  that  lacked  teeth  (i.e.  mandibles)  and  possessed  a  proboscis 
into  three  classes,  one  of  which  was  those  forms  "sucking  blood  only," 
for  which  mosquitoes  were  cited  as  an  example  (Morge  1973) .  Approxi¬ 
mately  two  millenia  later  Fabricius  (1775)  included  the  Antliata  in  a 
group  with  sucking  mouthparts .  The  Antliata  was  defined  as  dipterans 
with  seta-bearing  proboscides.  (In  this  context  the  term,  seta,  refers 
to  a  stylet).  Subsequently,  during  the  latter  half  of  the  1800 's  and 
the  early  1900' s,  there  were  numerous  articles  illustrating  and  describ¬ 
ing  the  stylate  mouthparts  of  adult  nematocerans ,  including  those  by 
Dimmock  (1881),  Smith  (1890,  1898),  Packard  (1898),  Kellogg  (1899), 
Wesch6  (1902,  1904,  1909),  Dell  (1903),  Emery  (1913),  Cragg  (1913a)  and 
Peterson  (1916).  By  the  late  1920 's  enough  was  known  about  the  mouth¬ 
parts  of  adult  stylate  dipterans  that  Metcalf  (1929)  considered  a 
"common  biting  fly  or  dipterous  subtype,"  which  was  subdivided  into 
several  kinds,  one  of  which  was  the  "first  subtype:  the  mosquito," 
recognizing  that  the  "second  subtype:  the  horse  fly"  was  qualitatively 
different  (Table  6).  During  this  time  and  later  there  was  growing 
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appreciation  of  the  structural  differences  among  various  nematoceran  and 
brachyceran  mouthpart  types,  with  Matsuda  (1965),  Denis  and  Bitsch 
(1973) ,  Smith  (1985)  and  Chaudonneret  (1989b)  all  devoting  separate 
sections  in  their  mouthpart  reviews  for  discussions  of  several,  family- 
based,  mouthpart  types  (vide  supra ) . 

For  most  adult  nematoceran  and  brachyceran  taxa  comprising  the 
hexastylate  mouthpart  class,  several  terms  have  been  used  to  refer  to 
characteristic  themes  within  the  class.  Gillett  (1971)  used  the  term 
"fasicle"  to  refer  to  the  mouthpart  ensemble  of  mosquitoes.  Jobling 
(1976)  coined  the  term  "syntrophium"  to  designate  the  united  stylets  of 
black  flies  and  McAlpine  (1981)  appropriated  the  term  "proboscis"  to 
refer  to  all  dipteran  mouthparts .  The  first  two  terms  are  nomenclatur- 
ally  confined  to  particular  taxonomic  families;  the  last  term  is  a 
general  designation  that  historically  has  included  any  prolongation  of 
mouthparts  of  hexapods.  I  am  using  the  new  term  hexastylate  to  refer  to 
the  characteristic  mouthparts  discussed  in  this  section.  It  has  not 
been  used  previously  in  the  literature. 

Review  of  Literature.  Hexastylates  are  the  most  well -documented 
of  all  mouthpart  classes ,  averaging  approximately  five  references  per 
taxon  (Appendix  B) .  This  profusion  of  documentation  is  attributable  to 
the  medical  and  economic  importance  of  many  hexastylates  as  vectors  of 
pathogen-borne  diseases.  Work  in  the  study  of  adult  nematoceran  and 
brachyceran  piercing  mouthparts  began  early  in  the  1900 's  and  was 
expanded  during  the  1920 's  to  1950 's  after  the  life-  cycles  and  interme¬ 
diate  hosts  of  several  nematoceran- vectored  pathogens  were  known.  This 
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was  particularly  true  in  tropical  and  subtropical  areas  where  human- 
inflicting  diseases  such  as  elephantiasis,  yellow  fever,  malaria  and 
dengue  fever  (all  vectored  by  Culicidae) ,  onchoceriasis  (Simuliidae 
vectors),  leshmaniasis ,  kala-azar  and  verrunga  (Psychodidae  vectors)  and 
tularemia  and  animal  trypansomiasis  (Tabanidae  vectors)  were  brought 
under  various  levels  of  control  by  insect  abatement  and  eradication 
programs . 

Major  sources  for  head  and  mouthpart  data  are  principally  studies 
of  the  mouthpart  structure  of  a  single,  or  infrequently  a  few,  dipterans 
that  usually  are  of  medical  or  economic  importance.  For  the  Psychodi¬ 
dae,  Adler  and  Theodor  (1926)  described  Phlebotomus  papatasii  Scopoli, 
Shortt  and  Swaminth  (1928)  worked  out  the  transmission  of  kala-azar 
flagellates  of  Phlebotomus  argentipes ,  and  Lewis  (1975)  studied  the 
functional  morphology  of  phlebotomine  mouthparts.  For  the  Culicidae, 
Dimmock  (1881)  presented  one  of  the  earliest  investigations  of  Culex  sp. 
mouthparts,  Robinson  (1939)  described  in  detail  female  Anopheles  meigeni 
mouthparts  and  Schiemenz  (1957)  provided  an  excellent  examination  of  the 
head  and  mouthparts  of  Culiseta  aimulata  (Schrank) .  Shorter  studies  of 
culicids  include  Kulagin  (1905)  for  a  study  of  the  cranial  structure  of 
Culex  and  Anopheles,  Vogel  (1921)  for  the  microstructure  of  the  piercing 
apparatus  of  culicids  and  tabanids,  Sinton  and  Coveil  (1927)  who 
examined  the  relationship  between  buccal  cavity  structure  and  anopheline 
classification,  Barraud  and  Coveil  (1928)  for  determining  buccal  cavity 
form,  and  Wenk  (1961)  for  an  investigation  of  culicid  mandible  muscula¬ 
ture.  Among  the  Simuliidae,  Emery  (1913)  described  Simulium  vittatum 
Zetterstedt  and  Gibbins  (1938)  examined  Simulium  damnosum  Theobald. 
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Shorter  contributions  to  knowledge  about  simuliids  were  Nitzulescu's 
(1926b)  study  of  the  structure  of  Simulium  mouthpart  structure  by  use  of 
microscopic  cross-sections,  Krafchick's  (1942)  study  of  the  mouthparts 
of  Eusimilium  lascivum  Twinn,  and  Nicholson's  (1945)  comparison  of 
mouthparts  of  Cnephia  dacotense  (Dorogostuski)  and  Simulium  venusCum 
Say.  Ceratopogonids  have  been  examined  by  Gad  (1951),  who  described 
head  and  mouthpart  structures  of  Culicoides  impunctatus  Goetzee, 
Atrichopogon  pavidus  Winnertz  and  Dichrobezzia  venusCa  Meigen  and 
provided  valuable  data  on  diets,  by  Wenk  (1962)  for  Wilhelmia  equina 
Linneaus,  and  by  Sutcliffe  and  Deepan  (1988)  who  documented  the  struc¬ 
ture  and  function  of  mouthparts  of  Culicoides  sanguisaga  (Coquillet)  by 
use  of  scanning  electron  microscopy.  Tabanids  have  been  extensively 
documented  by  the  research  of  Cragg  (1912a)  for  mouthpart  structure  in 
Haematopota  pluvialis  (Meigen) ;  Mitter  (1918) ,  Tetley  (1918)  and 
Nitzulescu  (1927a)  for  stimulating  but  somewhat  contradictory  inter¬ 
pretations  of  the  extremely  long  and  much-noted  proboscis  of  Corizoneura 
longirostris  Hardwick;  Bonhag  (1951)  for  a  study  of  mouthparts  from 
Tabanus  sulcifrons  Marquardt;  and  Stoffolano  and  Yin  (1983)  for  examina¬ 
tion  of  T.  nigrovittatus  Marquardt.  Shorter  contributions  include  Lall 

f 

and  Davies  (1971)  for  a  comparison  of  cephalic  structures  of  three 
tabanid  species  and  Suvarova  (1985)  for  various  tabanid  mouthpart 
structures . 

Numerous  comprehensive  studies  and  reviews  of  hexastylate  mouth¬ 
parts  are  available.  Early  syntheses  of  nematoceran  and  brachyceran 
structure  can  be  found  in  Kellogg  (1899) ,  the  detailed  monograph  of 
Peterson  (1916),  Crampton's  (1942)  extensive  study  of  fly  anatomy,  and 
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Ferris  (1942)  and  Hoyt  (1952)  who  examined  dipteran  head  structure  in 
the  context  of  phylogeny.  Shorter  accounts  focusing  on  selected 
mouthpart  structures  from  a  few  representative  families  are  Wesch6 
(1902,  1904,  1909),  Cragg  (1913a),  Lindner  (1919)  and  Grenier  (1959). 
Snodgrass  (1943,  1944,  1959)  produced  a  series  of  accounts  on  the  head 
and  mouthpart  structure  of  piercing- and- sucking  dipteran  families.  More 
recently  general  summaries  of  mouthpart  structure  have  been  provided  by 
Matsuda  (1965),  Denis  and  Bitsch  (1973)  McAlpine  et  al.  (1981,  1987), 
Smith  (1985)  and  Chaudonneret  (1989b) . 

Recent  morphological  studies  that  use  transmission-  and  scanning- 
electron  microscopy  (SEM)  techniques  have  increased  greatly  information 
on  nematoceran  and  brachyceran  mouthparts  and  stylet  structure. 

McKeever  (1986)  examined  the  stylet  structure  of  four  species  of  the 
chaoborid  Corethella ;  Hudson  (1970)  figured  the  stylet  microstructure  of 
the  culicids  Aedes  sCimulans  Walker,  A.  atropalpus  Coquillet,  and 
Wyeomyia  smithi  Coquillet.  Sutcliffe  and  Mclver  (1984)  and  Sutcliffe 
(1985)  described  the  mouthpart  anatomy  of  the  simuliid  Simulium  venustum 
Say,  and  McKeever  et  al.  (1988)  examined  the  mouthparts  of  four  species 
of  the  ceratopogonid  Culicoides .  Additional  SEM  studies  include  Zaitzev 
(1982)  for  an  exploration  into  denticle  type  and  pseudotracheal  ornamen¬ 
tation  of  culicids,  rhagionids  and  tabanids,  and  Stoffolano  and  Yin 
(1983)  for  a  description  of  the  mouthparts  of  the  tabanid  T.  nigro- 
vittaCus  Marquardt. 
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8.9.8.  Tristylate  Class 
(Class  30) 

Description.  Head  quadrate;  proboscis  long  to  very  long;  genal 
combs  often  present.  Genae  expanded  dorsoventrally  over  the  cranium; 
gula  moderately  to  minimally  developed.  Antennae  spathulate;  ocelli  2; 
compound  eyes  absent.  Mouthparts  hypognathous ,  protractile,  stylate- 
haustellate,  consisting  of  3  stylets.  Food  pump  clypeal  and  pharyngeal. 

Clypeus  indistinguishably  fused  to  frons.  Labrum  a  quadrate  or 
ventrally- elongate  nasale,  margin  a  beak  brace.  Hypopharynx  a  salivary 
syringe  with  a  piston  pump;  epipharynx  sty late  and  adjoined  to  labrum. 
Mandibles  absent.  Maxilla  with  basal  stipital  fusion  to  adjacent 
sclerites;  bearing  a  palpus,  galea  and  lacinia.  Palpus  4-segmented, 
filiform- clavate,  long  to  very  long.  Galea  a  robust  lobe  used  as  a 
lever  for  lacinial  stylet  protraction;  lacinia  stylate,  acuminate  and 
long.  Labium  with  2  basal  segments;  glossae  and  paraglossae  absent. 
Labial  palpi  housing  stylets  when  appressed;  generally  4-segmented, 
uncommonly  otherwise;  length  variable.  Interregional  co-optation  of 
mouthpart  elements  present. 

Key  Phenocharacters .  Several  unique  features  characterize  the 
tristylate  mouthpart  class.  The  unique  lacinial  stylet  protaction 
mechanism  occurs  only  among  tristylates.  This  mechanism  involves  a 
robust,  elongate  galeal  lobe  that  is  used  as  a  lever  which  is  pushed 
posteriorly  for  forward  and  downward  engagement  of  the  attached  lacinial 
stylet.  Another  unique  condition  is  the  combination  of  a  single 
epipharyngeal  stylet  and  two  lacinial  stylets .  The  presence  of  spathu¬ 
late  antennae  is  found  only  in  tristylates  although  the  scrobinate 
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cavities  in  which  they  rest  is  also  found  in  rhynchophorates  (Section 
8.3.10).  A  final  characteristic  feature  of  tristylates  is  modified 
labial  palps  with  excavate  mesial  surfaces  that  envelop  the  three 
stylets  during  palpal  appression.  These  palps  act  as  separate,  unjoined 
units  during  times  other  than  feeding. 

Tristylates  are  contrasted  with  various  stylate-haustellate  mouth- 
part  classes  with  a  dipteran  facies,  namely  the  monostylate/distylate, 
distylate/tetrastylate  and  hexastylate  mouthpart  classes  (Sections  8.9.5 
to  8.9.7).  However  these  three  mouthpart  classes  have  head-related 
features  typical  of  free -living,  predaceous  species  and  includes  large 
compound  eyes,  aristate  or  plumose  antennae  and  a  prominent,  labial 
haustellum  ensheathing  mouthparts  at  all  times.  An  additional  differ¬ 
ence  is  the  absence  of  dipteran  taxa  with  three  stylets  in  the  three 
above  mouthpart  classes.  Mouthcones  (Section  8.9.3)  bear  three  stylate 
mouthpart  elements ,  but  have  head  and  mouthpart  asymmetries  that  are  not 
found  in  tristylates . 

Diversity  and  Natural  History.  The  tristylate  mouthpart  class 
consists  of  small,  wingless,  laterally- compressed  ectoparasites  that  are 
highly  specialized,  obligate  sanguinivores  on  birds  and  mammals  (Fig. 
116).  Tristylates,  also  known  as  fleas,  are  an  important  component  of 
an  assemblage  of  five  stylate-haustellate  mouthpart  classes  that  are 
either  obligate  sanguinivores  or  are  dominated  by  sanguinivorous 
species.  This  suite  comprises  the  buccal-cone,  hexastylate,  tristylate, 
tubulostylate  and  siphono stylate  mouthpart  classes  (Sections  8.9.3, 

8.9.7  to  8.9.10).  The  taxonomic  diversity  of  tristylates  is  modest, 
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FIGURE  116.  Overview  of  the  Tristylate  Mouthpart  Class,  a,  Pulex 
irritans  Linneaus,  female  (Siphonaptera,  Pulicidae,  data-set  no. 
789);  b,  taxonomic  distribution,  number  of  taxa  examined  and  geo- 
chronologic  range;  c,  functional -feeding- group ;  d,  dietary  spectrum. 
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comprising  15  families,  222  genera  and  1700  species  (Appendix  D)  and  it 
contributes  a  minor  proportion  to  the  modern  insect  fauna,  ranking  25 
out  of  34  mouthpart  classes  (Table  5,  Fig.  131).  Tristylates  are 
inconspicuous,  rarely  encountered  elements  of  modern  terrestrial 
ecosystems.  Strong  evidence  indicates  that  the  tristylate  mouthpart 
class  is  monophyletic  (Kristensen  1981).  However,  if  the  bizarre.  Late 
Cretaceous  saurophthirid  is  included  (vide  infra,  not  analyzed  in  this 
study) ,  its  possible  independent  derivation  from  a  mecopterous  stock  may 
indicate  convergence  within  the  class. 

Tristylates  feed  by  aspirating  blood  into  the  pharynx  after  mixing 
the  imbibed  fluid  with  a  salivary  gland- secreted  anticoagulant  that  is 
injected  at  the  puncture  site  (Brues  1972).  Feeding  can  continue  up  to 
four  hours  in  some  species ,  during  which  blood  passes  through  the 
alimentary  tract  in  a  minimally  processed  state  (Marshall  1987) .  In 
most  instances  feeding  intervals  are  shorter  and  nutritional  uptake  from 
blood  is  significantly  more  efficient.  The  resistance  to  food  depriva¬ 
tion  is  well-established  in  tristylates:  Nosopsyllus  fasciatus  (Bose) 
remains  up  to  450  days  as  a  pupa  without  food  and  adults  have  been 
documented  as  viable  up  to  120  days  after  pupation  without  a  blood  meal 
(Marshall  1987).  In  fact,  adult  fleas  live  longer  if  subjected  to 
temporary  starvation  after  pupation  than  if  immediately  fed  (Suter 
1964) .  Although  adults  can  remain  alive  for  considerable  periods  with 
food,  females  require  a  blood  meal  before  ovipositing  fertile  eggs 
(Richards  and  Davies  1977). 

Tristylates  are  highly  stereotyped  structurally  (Price  1980)  and 
possess  several  adaptations  for  clinging  to  and  moving  on  the  hosts. 
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such  as  genal  combs  (Traub  1980a)  and  clasping  tarsi.  Host  recognition 
by  negatively  phototactic  tristylates  is  accomplished  by  actively 
responding  to  warmth,  body  odor  and  body  movements  of  a  potential  host 
(Marshall  1987).  Although  tristylates  require  an  endothermic  vertebrate 
host  (bird,  mammal)  and  many  species  have  high  specificities  for  certain 
host  species  (Brues  1972),  they  nevertheless  can  live  on  related  or  even 
nonrelated  species  for  extended  durations ,  and  often  will  readily 
transfer  if  a  suitable  host  is  available  (Richards  and  Davies  1977) . 
Recent  evidence  indicates  however  that  tristylates  are  much  more  host- 
specific  for  reproductive  purposes  than  for  feeding  purposes .  As  a 
group,  tristylates  exhibit  a  much  broader  spectrum  of  life-cycle 
patterns  than  other  ectoparasites,  ranging  from  vermipsyllids  that  are 
periodically  free-living  in  pastures  of  the  adult  hosts  to  the  obli- 
gately  host-specific  Tunga  monositius  Linneaus,  in  which  adult  males  are 
nontrophic  and  females  must  burrow  subdermally  in  the  host  to  remain 
viable  (Marshall  1987).  Although  tristylates  are  generally  found  on 
host  bodies,  many  spend  part  of  their  life-cycle  residing  in  the  nest  of 
their  host,  where  they  may  infect  other  adult  or  newly-born  individuals 
of  the  same  host  species . 

Structural  Themes.  The  dendrogram  of  the  Tristylate  Mouthpart 
Class  (Fig.  117)  may  exhibit  two  structural  themes.  Characters  contri¬ 
buting  to  the  differentiation  of  tristylates  into  these  two  themes 
include  differences  in  proboscidal  length,  presence  or  absence  of  a 
genal  comb,  labral  shape  and  probably  the  aspect-ratio  of  the  maxillary 
palpus.  However  these  features  are  not  major  and  substantiate  the 
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TRISTYLATE  MOUTHPARTS 


FIGURE  117.  Cluster  analysis  dendrogram  of  taxa  comprising  the 
Tristylate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this 
mouthpart  class  to  other  mouthpart  classes. 
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claims  of  some  (Richards  and  Davies  1977,  Price  1980)  that  siphon- 
apterans  are  a  very  structurally  uniform  group . 

Geochronologic  History.  The  earliest  known  fossils  of  the 
Tristylate  Mouthpart  Class  are  four  siphonapteran  species  recovered  from 
Lower  Cretaceous  deposits  of  southern  Australia  [53]  (Riek  1970,  Jell 
and  Duncan  1986)  (Fig.  118).  Although  the  siphonapteran  affinity  of 
these  four  species  have  been  questioned  by  some  (Willmann,  in  Hennig 
1981) ,  they  exhibit  several  synapomorphies  that  define  modern  siphon- 
apterans,  including  a  laterally  compressed  body,  pronotal  combs,  laci- 
nial  stylets  and  siphonapteran- type  genitalia.  From  this  deposit  Jell 
and  Duncan  (1986)  described  two  unnamed  pulicids,  one  of  which  was 
considered  ancestral  to  the  modern  pulicid  Echidnophaga  (Riek  1970) ,  and 
two  named  species  that  have  not  been  assigned  to  a  family.  One  of 
these,  Tarwinia  australis  Jell  and  Duncan  1986,  is  excellently 
preserved. 

In  slightly  younger  deposits  of  the  USSR  [52] ,  Ponomarenko  (1976) 
described  an  enigmatic  insect  that  possesses  some  mecopteran  features , 
but  was  assigned  to  the  Siphonaptera  by  the  author.  This  fossil, 
Saurophthirus  longipes  Ponomarenko  1976,  has  a  relatively  large  (1.2cm 
long)  body,  long  legs,  abbreviated  clavate  antennae  and  opistognathous , 
stylate-haustellate  mouthparts  similar  to  T.  australis  from  Australia. 
Unlike  the  Australian  forms,  S.  longipes  is  dorsoventrally  compressed, 
has  a  large  genal  expansion  of  the  cephalic  sidewall  and  a  vestiture  of 
dense,  small  spinules.  The  proposed  host  of  S.  longipes  is  a  pterosaur, 
based  on  the  possession  of  structures  that  are  similar  to  those  found  on 
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FIGURE  118.  Geochronologic  history  of  the  Tristylate  Mouthpart  Class. 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylogram  is  after  Beier  (1938),  Traub 
and  Rothschild  (1983)  and  Kristensen  (1981).  The  level  of  taxonomic 
analysis  is  the  family.  The  outgroup  is  Mecoptera. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


675 


aepuiiimdojnBS- 

aep!||Asdoui|Si- 

aepuiAMdoiejao- 

aspniAsdoJisjOuv- 

aspniAsdomdix- 

aBpu|Asdo}doo- 

aBpi||Asdo|Bdona- 

aEP!||AsdooB|B|/\i- 

aBpiiiAsdiuijaA- 

aBpniAsdojaBuiiijO' 


aep!UJ|BiUMdouajo  - 
aspiiiAsdoipiBAd- 
aBpi||AsdoouisA|-|  ~ 
aBpiojjoouBiidaiS" 
eepionnd- 
aBpiBuni- 
A|iuibj  pauiBuun- 


VH3i.d003IAI — 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


extant  parasites  of  bats  (Ponomarenko  1976) .  Ponomarenko  (1976) 
referred  S.  longipes  to  the  Siphonaptera,  whereas  Dmitriev  and  Zherikin 
(1988)  and  Rasnitsyn  (1988)  assigned  the  same  fossil  to  the  Mecoptera, 
and  Waage  (1979)  hinted  that  it  may  be  an  ordinally  distinct  lineage. 

In  significantly  younger  Baltic  amber  deposits  [19] ,  two  hystricopsyllid 
siphonapterans ,  Palaeopsylla  klebsiana  Dampf  1910  and  P.  dissimilis  Peus 
1968  have  been  described  and  are  recognized  as  modern  genera  (Larsson 
1978)  . 

Complementing  this  spotty  fossil  record  (Fig.  118)  is  better- 
documented  but  indirect  data  on  the  zoogeographic  and  phylogenetic 
relationships  of  siphonapteran  host  mammals.  From  an  exhaustive 
analysis  of  geographic  distributions  in  time  and  space  and  of  the 
phylogenetic  relationships  of  host  clades,  (Traub  1980b)  and  Traub  and 
Rothschild  (1983)  have  inferred  major  events  during  the  history  of  the 
tristylates.  (Much  of  the  ensuing  discussions  originates  from  these  two 
sources.)  For  tristylates  primitive  hosts  bear  primitive  parasites  and 
derived  hosts  bear  derived  parasites,  with  some  exceptions.  When  there 
has  been  a  geochronologically  recent  lateral  transfer  it  has  not 
involved  mammalian  hosts  "lower"  on  the  taxonomic  scale.  It  appears 
that  the  more  primitive  families  of  siphonapterans  have  austral  rela¬ 
tionships  associated  with  a  late  Gondwanan  distribution  and  emphasized 
parasitism  on  various  marsupial  groups.  These  siphonapteran  families 
antedate  modern  mammalian  families  and  may  precede  the  appearance  of 
extant  eutherian  orders,  although  some  family- level  differentiation  has 
occurred  after  the  fragmentation  of  Gondwanaland . 
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The  ultimate  origin  of  siphonapterans  probably  stems  from  a 
boreid-like  mecopteran  (Tillyard  1935,  Schlein  1980)  during  the  Late 
Paleozoic  or  Early  Mesozoic.  Marsupials  arose  in  South  America  during 
the  Late  Jurassic  to  Early  Cretaceous  (Lillegraven  1974)  and  they 
dispersed  to  Australia  via  Anarctica  by  the  later  Early  Cretaceous, 
carrying  with  them  stephanocircid  and  doratopsylline  siphanopterans 
(Traub  1980b) .  Thus  evidence  indicates  that  siphonapterans  were 
probably  in  existence  by  the  Late  Jurassic  and  certainly  occurred  during 
the  Early  Cretaceous,  based  on  paleobiogeographic  evidence.  Fossil 
evidence  indicates  that  Early  Cretaceous  siphonaperans  with  combinations 
of  apomorphic  and  plesiomorphic  characters  occurred  in  Australia  (Jell 
and  Duncan  1986) .  Although  South  America  was  also  the  center  of  origin 
of  rhopalopsyllids  and  malacopsyllids ,  where  they  currently  only  occur, 
they  are  not  found  in  the  Australian  fauna  and  probably  evolved  after 
the  Early  Cretaceous .  Subsequent  marsupial  migrations  back  to  South 
America  from  Australia  resulted  in  establishment  of  pygidiopsyllids 
(e.g.  Ctenidosomus )  in  South  America.  By  Baltic  amber  times  [19]  the 
presence  of  the  advanced,  rodent- inhabiting  Palaeopsylla,  a  modern 
hystricopsyllid  genus,  led  Larsson  (1978)  to  posit  a  Mesozoic  origin  for 
the  family  because  of  the  presence  of  hystricopsyllids  on  Australian 
marsupials.  At  about  the  same  time,  ctenophthalmine  pulicids  that 
originated  in  Africa  colonized  South  America  and  later  North  America 
presumably  by  rafting  of  hystricomorph  rodents  and  ceboid  monkeys  across 
the  Atlantic  Ocean.  In  summary,  while  data  for  an  Early  to  Middle 
Mesozoic  presence  for  tristylates  is  absent,  two  independent  lines  of 
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evidence  indicates  their  presence  and  family- level  diversification 
during  the  Late  Mesozoic. 

Previous  Designations.  Probably  because  of  their  small  size,  the 
mouthpart  condition  of  siphonapterans  did  not  significantly  enter  the 
entomological  literature  until  the  early  1800' s.  During  this  time 
MacLeay  (1821)  classified  insects  by  mouthpart  type  (Mandibulata  versus 
Haustellata)  and  type  of  larval  and  pupal  stage  present,  applying  the 
term  "Aptera"  for  those  insects  with  haustellate  mouthparts,  active 
larvae  and  a  dormant,  free  pupa.  Kirby  and  Spence  (1826)  used  the  new 
designation  "Aphaniptera"  for  the  Suctoria  of  Leach  and  Latreille  and 
recognized  their  possession  of  suctorial  mouthparts.  Latreille  (1832) 
later  renamed  his  Suctoria  as  Siphonaptera.  During  the  past  century 
Metcalf  (1929)  categorized  siphonapteran  mouthparts  as  a  "flea  or 
siphonapterous  subtype"  of  the  piercing- sucking  type  within  the  Haustel¬ 
late  Series  (Table  6).  The  same  designation  was  used  by  Metcalf  et  al. 
(1962) ,  although  shortly  thereafter  James  and  Harwood  (1969)  considered 
the  distinctive  mouthparts  of  siphonapterans  simply  as  "the  siphon¬ 
apteran  type."  Recently,  Chaudonneret  (1989a)  has  recognized  the 
structural  uniqueness  of  siphonapteran  mouthparts,  considering  them  a 
subordinate  theme  within  piercing- type  mouthparts. 

In  the  above  discussion,  the  confounding  of  taxonomic  and  func¬ 
tional  (or  process -centered)  terms  as  names  for  a  mouthpart  type  leaves 
little  room  for  explicit  reference  to  a  particular,  distinctive  struc¬ 
ture.  Because  members  of  this  mouthpart  class  uniquely  possess  three 
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haustellar  stylets  as  mouthpart  elements,  I  am  using  the  structurally 
informative  term  tristylate  as  a  name  for  this  mouthpart  class. 

Review  of  Literature.  Data  sources  for  tristylate  head  and  mouth¬ 
part  morphology  are  limited  and  are  characterized  by  a  lack  of  mouthpart 
descriptions  from  Southern  Hemisphere  taxa,  particularly  Africa  and 
Australia.  Only  a  few  morphological  and  functional-morphological  works 
are  available,  including  Lass  (1905)  for  Pulex  canis  Dugds,  Rothschild 
(1906)  for  Xenopsylla  cheopis  Rothschild,  Snodgrass  (1946)  for  a 
comprehensive  monograph  on  the  structue  of  many  siphonapteran  species 
and  Wenk  (1953)  for  Ctenocephalus  canis  (Curtis).  Shorter  works  on 
mouthpart  structure  include  Nitzulescu  (1927)  for  epipharyngeal  stylet 
structure,  Heymons  (1937)  for  the  role  of  mouthpart  structure  in  the 
systematic  position  of  the  Siphonaptera  and  Wenk  (1980)  for  the  mecha¬ 
nism  of  stylet  penetration.  Hopkins  and  Traub  (1955)  have  discussed  the 
head  and  mouthpart  structure  of  CraCynius  crypticus  Hopkins  and  Traub . 
Johnson  (1957)  classified  all  known  siphonapterans  from  South  America, 
describing  and  illustrating  eight  families,  many  of  which  are  poorly 
known  and  confined  only  to  that  continent.  Extended  brief  reviews  of 
tristylate  mouthparts  can  be  found  in  Matsuda  (1965),  Denis  and  Bitsch 
(1973),  Smith  (1985)  and  Chaudonneret  (1989a). 

8.9.9.  Tubulostylate  Class 
(Class  31) 

Description.  Head  quadrate;  proboscis  short  to  long;  prothorax 
enveloping  dorsal  head  region.  Genae  and  gula  generally  well- 
developed.  Antennae  pectinate/plumose  or  aristate;  ocelli  absent, 
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rarely  3;  compound  eyes  variously  developed.  Mouthparts  prognathous, 
stylate-haustellate,  monostylate,  protractile.  Food  pump  clypeal  and 
pharyngeal . 

Clypeus  quadrate,  infrequently  transversely- elongate ;  fused  to 
frons.  Labrum  vertically  very  elongate,  undivided  or  divided,  margin 
mucronate/acuminate .  Hypopharynx  a  bulbous  reservoir  terminating  in  an 
apertuate  lobe;  epipharynx  fused  to  labrum.  Mandibles  absent.  Maxilla 
with  one  basal,  rodlike  sclerite  (stipes);  bearing  a  palpus  only. 

Palpus  1- segmented,  pectinate,  short  to  intermediate  in  length,  rarely 
otherwise.  Galea  and  lacinia  absent.  Labium  with  one  basal  sclerite; 
bearing  palps.  Palpi  tubular,  3-segmented,  length  variable.  Glossae 
and  paraglossae  absent.  Interregional  co-optation  of  mouthpart  elements 
present . 

Key  Phenocharacters .  Two  combinations  of  characters  uniquely 
define  the  tubulostylate  class.  The  stylet  in  tubulostylates  is  a  long, 
tubular  labellum  with  sharp ,  terminal  denticles .  Additionally ,  the 
combination  of  absence  of  mandibles,  galeae,  laciniae,  glossae  and 
paraglossae,  and  the  presence  of  a  well -developed  proboscis  with 
"pharyngeal"  and  labial  elements  is  diagnostic.^ 

Tubulostylates  resemble  the  siphonostylate  mouthpart  class 
(Section  8.9.10),  although  the  functional  mouthpart  stylet  is  a  labellum 
in  the  former  and  a  galeal  siphon  in  the  latter.  Although  the  similari¬ 
ties  of  a  general  dipteran  facies  exists  between  labellates  (Section 
8.5.3)  and  tubulostylates,  labellates  possess  a  fleshy,  distally- 
expanded  labellar  sponging  organ  whereas  tubulostylates  have  modified 
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the  same  homolog  into  a  tubular  stylet  with  terminal,  piercing  denti¬ 
cles.  Additional  differences  between  the  two  mouthpart  classes  is  the 
presence  of  three  ocelli  and  a  membranous  rather  than  a  haustellate- 
involved  epipharynx  in  labellates . 

Diversity  and  Natural  History.  The  Tubulostylate  Mouthpart  Class 
is  an  obligately  sanguinivorous  (Fig.  119)  ,  ectoparasitic  group  of 
mostly  small  (0.10  to  1.2cm  long),  highly  derived  cyclorrhaphan  flies 
with  unique  feeding,  reproductive  and  life -cycle  adaptations  for  living 
on  avian  and  mammalian  (often  bat)  hosts.  Tubulostylates  consist  of  the 
families  Glossinidae,  Hippoboscidae ,  Nycteribiidae  and  Streblidae. 

There  apparently  are  no  taxa  connecting  these  four  monophyletic  families 
(McAlpine  1989)  to  nonsanguinivorous ,  free-living  cyclorrhaphans  with 
typical  labella  (Waage  1979) .  The  tubulostylate  class  comprises  four 
families,  57  genera  and  712  species  (Appendix  D)  and  is  the  27th  most 
diverse  mouthpart  class  in  terms  of  species  (Table  5,  Fig.  131). 
Consequently  tubulostylates  are  not  important  in  the  structuring  of 
modern  terrestrial  communities . 

With  the  exception  of  glossinids,  members  of  this  mouthpart  class 
are  adept  at  clinging  to  hosts  and  virtually  all  work  their  way  through 
hair  and  feathers ,  reaching  the  skin  surface  where  they  imbibe  blood  by 
a  specialized  tubular  proboscis .  Both  sexes  feed  on  blood  (Richards  and 
Davies  1977)  ,  although  there  is  sex-based  mouthpart  dimorphism  in  some 
forms.  The  larval  stage  is  not  free- living  and  is  extruded  vivaparously 
by  the  female,  after  which  it  immediately  undergoes  tanning  and  pupation 
(Waage  1979) .  Hippoboscids  are  ectoparasites  on  birds  and  to  a  lesser 
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INCLUDED  TAXA: 

Diptera  (Glossinidae,  Hippoboscidae, 
Streblidae,  Nycteribidae) 


b 


N=10 


FIGURE  119.  Overview  of  the  Tubulostylate  Mouthpart  Class,  a,  Tricho- 
bius  caecus  Edwards  (Diptera:  Streblidae,  data-set.no.  1019),  after 
Jobling  (1929);  b,  taxonomic  distribution  and  number  of  taxa  exa¬ 
mined;  c,  functional-feeding-group;  d,  dietary  spectrum;  e,  geo- 
chronologic  range . 
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degree  on  ungulate  mammals;  nycteribiids  and  streblids  are  obligate 
parasites  on  bats;  and  glossinids  are  unattached  sanguinivores  on 
reptiles  and  ungulate  mammals  but  will  attack  humans  (Buxton  1955,  Maa 
and  Peterson  1987,  Peterson  and  Wenzel  1987,  Wenzel  and  Peterson  1987). 
The  only  known  example  of  endoparasitism  these  groups  is  the  unusual 
female  of  the  streblid  Ascodipteron.  Ascodipteron  crawls  to  the  skin 
surface,  casts  off  her  wings  and  legs,  and  then  hurries  herself  subcuta¬ 
neously,  where  she  is  transformed  into  a  blood- engorging,  sacciform 
endoparasite  (Wenzel  and  Peterson  1987) . 

Many  tubulostylates  are  host- specific;  some  are  restricted  to  two 
or  three  congeneric  host  species ;  and  a  few  lack  host  preferences ,  with 
hosts  ranging  from  relaed  or  unrelated  genera  in  the  same  family  or 
different  families  of  hosts  (Buxton  1955,  Maa  and  Peterson  1987, 

Peterson  and  Wenzel  1987,  Wenzel  and  Peterson  1987).  For  nycterbiids 
some  species  parasitize  several  species  in  different  genera  or  families; 
conversely  there  are  bat  species  that  harbor  multiple  nycterbiid  and 
other  ectoparasites  (Richards  and  Davies  1977).  Also,  the  geographic 
distribution  of  hosts  is  not  congruent  with  respective  parasite  distri¬ 
bution,  since  competition  from  other  ectoparasites  and  morphological 
variability  of  host  populations  (e.g.  host  hirsuteness  and  hair  distri¬ 
bution  patterns)  may  restrict  the  parasite  to  a  portion  of  the  host 
range  (Peterson  and  Wenzel  1987).  Thus  nonspecific  host  associations, 
especially  for  glossinids  and  hippoboscids ,  are  determined  more  by 
ecological  and  physiologic  factors  than  by  the  phylogenetic  relation¬ 
ships  of  the  hosts  (Buxton  1955,  Maa  and  Peterson  1987).  Several  senses 
are  used  in  host- seeking  behavior,  including  visual  detection  by 
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glossinids  and  hippoboscids  of  ungulate  hosts  and  olfactory  recognition 
of  bat  hosts  from  their  urine  and  carbon  dioxide  by  streblids  and 
nycteribiids  (Buxton  1955,  Marshall  1987). 

All  tubulostylates  are  obligate  sanguinivores  (Fig.  119) .  After 
pupal  emergence  tubulostylates  usually  feed  within  minutes  to  a  few 
hours  on  their  host.  Some  species  such  as  Melophagus  ovinus  Linneaus 
feed  approximately  every  36  hours  (Nelson  1955)  whereas  glossinids  feed 
approximately  once  a  day,  though  they  can  survive  missing  a  daily  meal 
(Buxton  1955) .  (Glossinids  are  the  vector  for  the  transmission  of 
trypanosomes  to  mammals ,  including  various  trypanosomes  that  cause 
African  sleeping  sickness  in  humans.)  Similar  feeding  frequencies  have 
been  reported  for  hippoboscids  with  avian  hosts  (Popov  1955) .  Once 
starved,  hippoboscids  on  mammalian  hosts  live  only  about  a  week  (Popov 
1965) ,  although  hippoboscids  on  avian  hosts  survive  from  one  to  three 
days  without  food  (Marshall  1987) .  By  contrast  the  streblid  Trichobius 
joblingi  feeds  every  few  minutes  and  will  survive  only  four  hours 
without  food;  most  streblids  die  within  a  day  when  starved  (Wenzel  and 
Peterson  1987).  The  rate  of  blood  imbibation  is  frequently  impressive: 
a  female  glossinid  was  recorded  to  imbibe  77.5mg  of  blood  at  a  single 
feeding  (Buxton  1955).  Hippoboscids  can  imbibe  during  five  to  30 
minutes  blood  meals  weighing  from  40  to  160%  of  their  own  body  weight 
(Nelson  and  Petrunia  1969) .  Recent  studies  have  indicated  that  the 
ingested  blood  meal  is  deficient  in  certain  nutrients,  particularly  B- 
complex  vitamins,  that  may  be  supplied  by  gut  symbiotic  bacteria 
(Marshall  1987). 
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FIGURE  120.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Tubulo- 
stylate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouth- 
part  class  to  other  mouthpart  classes. 
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Structural  Themes.  Two  discrete  structural  themes  are  recognized 
within  the  Tubulostylate  Mouthpart  Class  (Fig.  120).  The  first  theme 
consists  of  the  single  glossinid  taxon,  Glossina  palpialis  Robineau- 
Desvoidy  (Subcluster  1,  data-set  taxon  1011  in  Fig.  120)  and  the  second 
theme  comprises  the  remaining  taxa  of  hippoboscids ,  nycteribiids  and 
streblids  (Subcluster  2,  taxa  1012  to  1017).  Features  that  distinguish 
the  glossinid  from  the  second  subcluster  include  (i)  moderate-  to 
minimally -developed  rather  than  prominent  and  well -developed  genae  and 
gula,  (ii)  three  ocelli  rather  than  ocellar  absence,  (iii)  a  spinose 
lab rum  rather  than  a  labrum  otherwise  ornamented,  (iv)  a  maxillary 
palpus  that  is  very  long  and  filiform  rather  than  short-  to  intermediate 
in  length  and  pectinate  and  (v)  a  labial  palpus  whose  terminus  is  more 
fleshy  than  rigid.  Although  there  is  apparent  subclustering  within  the 
second  theme,  only  three  characters  consistently  define  the  two  apparent 
groups . " 

Geochronologic  History.  The  fossil  tubulostylate  record  is  poor, 
with  only  three  localities  yielding  material  (Fig.  121).  Two  fossil 
occurrences  are  known  for  glossinids,  Eophlebomyia  clavipennis  Cocke¬ 
rell  1925  from  the  Middle  Eocene  of  Wyoming  [23]  and  a  more  recent 
occurrence  of  four  Glossina  specimens  from  the  Early  Oligocene  of 
Colorado  [15],  A  single  hippoboscid,  OmiChomyia  rottensis  Statz  is 
known  from  the  Late  Miocene  of  Germany  [2]  (Maa  1966).  Streblids  and 
nycteribiids  lack  a  fossil  record  (Peterson  and  Wenzel  1987,  Wenzel  and 
Peterson  1987),  although  their  obligate  bat  hosts  are  traceable  to  the 
Middle  Eocene  [23]  (Grande  1980). 
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FIGURE  121.  Geochronologic  history  of  the  Tubulostylate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  referenes  corres¬ 
ponding  to  each  fossil  occurrence.  The  phylogram  is  after  McAlpine 
(1989).  The  level  of  analysis  is  the  family.  The  outgroup  is 
Acalyptratae 
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A  recent  analysis  of  the  cladistic  relationships  among  pupiparous 
and  related  dipteran  families  (McAlpine  et  al.  1989)  indicates  that  the 
Acalyptratae  is  the  sister-group  to  the  ( [Glossinidae  +  Hippoboscidae]  + 
[Nycteribiidae  +  Streblidae])  clade.  The  earliest  fossil  occurrence  of 
the  Acalyptratae  is  a  conopid  from  Early  Cretaceous  Lebanese  amber  [55] 
mentioned  by  Hennig  (1971) .  This  indicates  that  the  stem-group  of  the 
four  tubulostylate  families  occurred  as  early  as  the  Early  Cretaceous 
although  the  radiation  of  tubulostylates  on  various  mammalian  ruminant 
and  bat  hosts,  and  avian  hosts  probably  occurred  during  the  Early 
Tertiary,  based  on  host  and  parasite  fossil  occurrences.  Waage  (1979) 
postulated  that  such  a  stem-group  probably  resembled  a  glossinid-like 
ancestor  in  which  one  lineage  subsequently  became  a  nest-associate  of 
birds  and  ruminant  mammals  (Hippoboscidae)  and  a  second  lineage  became 
guano- feeding  cohabitants  with  bats  in  cave  habitats  (Nycterbiidae  + 
Streblidae) . 

Previous  Designations.  The  mouthpart  type  discussed  in  this 
section  traditionally  has  been  included  in  the  "dipteran  mouthpart  type" 
which  in  this  study  is  considered  the  Labellate  Mouthpart  Class  (Section 
8.5.3).  A  reason  for  this  lack  of  recognition  of  the  distinctiveness  of 
tubulostylates  may  be  the  scarcity  of  comparative  material  from  the  four 
constituent  ectoparasitic  families.  However  Jobling,  in  a  series  of 
articles  (1926,  1928a,  1929,  1933),  provided  excellent  descriptions  of 
mouthpart  structures  from  taxa  of  all  four  families.  Matsuda  (1965) 
reviewed  some  of  Jobling' s  studies  in  his  memoir  on  insect  mouthparts 
and  in  1969  James  and  Harwood  defined  a  "fifth  subtype:  the  sheep  ked" 
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within  their  "dipteran  mouthpart  type"  (Table  6) .  In  their  treatise  on 
hexapod  mouthparts  Denis  and  Bitsch  (1973)  considered  Pupipares  as  a 
distinctive  mouthpart  theme  of  the  Diptera.  Discussions  of  Glossina 
mouthparts  was  provided  in  subsequent  reviews ,  although  both  Smith 
(1985)  and  Chaudonneret  (1989b)  considered  Glossina  as  a  variant  of 
muscid  mouthparts  that  possess  rasping,  prestomal  teeth. 

Because  of  the  characteristic,  tubular  piercing  structure  of  the 
glossinid  and  pupiparian  labellum,  I  consider  the  term  tubulostylate  an 
apt  and  meaningful  descriptor  of  the  most  conspicuous  and  interactive 
mouthpart  element  in  this  mouthpart  class.  To  my  knowledge,  this  is  the 
first  introduction  of  the  term. 

Review  of  Literature.  Considering  the  relative  lack  of  taxonomic 
diversity  in  the  tubulostylate  mouthpart  class,  there  has  been  ample 
doucumentation  of  mouthpart  structures  not  only  from  each  of  the  four 
taxonomic  families,  but  also  several  genera  within  some  of  the  families. 
One  of  the  first  illustrations  and  discussions  of  tubulostylate  mouth¬ 
parts  was  Hansen  (1903)  for  Glossina.  Subsequently,  in  a  several 
excellent  studies  of  mouthpart  and  head  structure,  Jobling  discussed  the 
hippoboscids  Lychnia  maura  Bigot  and  Melophagus  ovinus  Linneaus  in  1926, 
the  nycteribiid  Cyclopoda  sykes i  Westwood  in  1928a,  various  streblids, 
including  Nycteribosca  amboinensis  Rondani  and  Raymondia  lobulata 
Speiser  in  1929,  and  the  glossinid  Glossina  palpialis  Robineau-Desvoidy 
in  1933.  Larger  works  that  focused  on  dipteran  external  morphology  and 
included  data  on  head  and  mouthpart  structure  of  tubulostylates  included 
Peterson  (1916)  for  the  hippoboscids  Olfersia  ardeae  Macquart,  M.  ovinus 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


690 


and  various  nycteribiids ,  Crampton  (1942)  for  the  hippoboscid  Omithac- 
tona  and  the  nycteribiid  C.  sykesi,  and  Snodgrass  (1943)  for  G .  palpi- 
alis,  Lychnia  americana  (Leach),  M.  ovinus  and  a  nycteribiid.  Scanning 
electron  microscope  studies  of  mouthpart  structure  include  Popham  and 
Abbdillahi  (1975)  for  Gloss ina  morsitans  Vanderplank  and  Elzinga  and 
Broce  (1986)  for  three  species  of  Glossina  ,  four  species  of  hippobos- 
cids  and  one  streblid.  General  reviews  of  mouthpart  structure  can  be 
found  in  Matsuda  (1965),  Denis  and  Bitsch  (1973),  Smith  (1985)  and 
Chaudonneret  (1989b) . 

8.9.10.  Siphonostylate  Class 
(Class  32) 

Description.  Head  quadrate  or  transversely-elongated;  proboscis 
very  long.  Genae  moderately  to  minimally  developed;  gula  present  and 
well -developed,  or  absent.  Antennae  pectinate  or  filiform;  ocelli 
absent;  compound  eyes  expansive.  Mouthparts  hypognathous ,  stylate- 
haustellate,  monostylate  and  retractile.  Food  pump  clypeal  and 
pharyngeal . 

Clypeus  quadrate  and  fused  to  frons.  Lab rum  quadrate,  undivided, 
a  stylet- guide.  Hypopharynx  absent;  epipharynx  membranous.  Mandibles 
absent.  Maxilla  with  stipes  elongated;  lacinia  and  palpus  absent. 
Galeae  conjoined,  a  stylate  siphon.  Labrum  with  main-body  elongated; 
glossae  and  paraglossae  absent.  Labial  palps  3 -segmented,  penicil  late 
and  long.  Interregional  co-optation  of  mouthpart  elements  absent. 

Key  Phenocharacters .  The  principal  structural  feature  of  the 
Siphonostylate  Mouthpart  Class  is  the  presence  of  a  galeal  siphon 
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modified  into  a  stylate  structure  for  piercing  resistant  integument. 
Additionally  there  is  the  combination  of  the  absence  of  many  mouthpart 
elements  (mandibles,  maxillary  palps,  laciniae,  glossae  and  paraglossae) 
and  the  presence  of  a  well -developed,  three- segmented,  scaled  labial 
palp. 

Siphonostylates  resemble  siphonates  (Section  8.6.2)  although  they 
are  differentiated  from  them  by  the  presence  of  a  galeal,  stylate  siphon 
and  the  complete  absence  of  certain  mouthparts  that  are  generally 
present  as  stubby  features  in  siphonates.  There  is  superficial  similar¬ 
ity  between  the  proboscides  of  siphonostylates  and  tubulostylates 
(Section  8.9.9),  although  the  latter  possesses  a  diagnostic  tubulate 
stylet  that  is  derived  from  the  labium  rather  than  maxillary  galeae. 

Diversity  and  Natural  History.  One  of  the  more  unusual  and 
surprising  modifications  of  insect  mouthparts  has  been  the  conversion  of 
the  lepidopteran  galeal  proboscis  from  a  sucking  tube  to  a  piercing 
implement  capable  of  penetrating  plant  and  animal  integument.  Such  a 
structural  modification  is  the  basis  of  the  Siphonostylate  Mouthpart 
Class,  which  consists  of  medium-  to  large-sized  noctuid  and  satyrid 
moths  (the  latter  not  examined  in  this  study)  with  prominent  galeal 
stylets  generally  about  2.5cm  long  (Butticker  1962). 

Siphonostylates  occur  on  various  commercially-  and  naturally- grown 
fruits  throughout  the  tropics  (Golding  1945)  and  "semiparasitically"  on 
various  domesticated  and  feral  ungulates  in  Southeast  Asia  (BSnziger 
1986),  thus  imbibing  fruit  juices  and  blood  as  a  group  (Fig.  122). 
Siphonostylate  mouthparts  comprise  a  taxonomic  diversity  of  two 
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PIERCtNGVSUCKING 
(SUBDEHMAL  TISSUE) 


FIGURE  122.  Overview  of  the  Siphono sty late  Mouthpart  Class,  a, 
Calyptra  orthograpta  Butler  (Lepidoptera:  Noctuidae,  data-set  no. 
1219),  after  B&nziger  (1979);  b,  taxonomic  distribution,  number  of 
taxa'  examined  and  geochronologic  range;  c,  functional-feeding-group; 
d,  dietary  spectrum. 
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families,  about  55  genera  and  about  200  species  (from  Buttiker  1962; 
Cochereau  1974,  1977;  Bdnziger  1982).  Because  of  the  occurrence  of 
siphonostylates  in  regions  with  poorly  known  insect  faunas ,  undoubtedly 
many  more  species  exist;  the  head  and  mouthpart  structures  of  only  two 
species  have  been  adequately  described  (Srivastava  and  Bogawat  1969; 
Bdnziger  1970,  1980).  Siphonostylates  are  the  least  diverse  of  the  34 
mouthpart  classes  examined  (Table  5,  Fig.  131),  and  play  a  minor  role  in 
terrestrial  ecosystems  when  compared  to  other  more  abundant  groups. 
Nevertheless  siphonostylate  diversity  is  certainly  underrepresented 
compared  to  other  more  diverse  mouthpart  classes .  It  is  suspected  that 
there  is  a  high  degree  of  structural  mouthpart  convergence  within  the 
class .  Among  ditrysan  lepidopterans ,  satyrids  and  noctuids  represent 
two  independent  originations  from  siphonate  ancestors  and,  within  the 
diverse  Noctuidae,  fruit-  and  vertebrate-piercing  lineages  have  arisen 
at  least  several  times .  Because  of  the  dearth  of  data  on  noctuid 
cladistic  relationships ,  more  data  on  the  extent  of  convergence  within 
siphonostylate  mouthparts  is  unavailable. 

The  piercing  mechanism  of  vertebrate  integument  by  a  stylate 
galeal  siphon  has  been  described  by  Bdnziger  (1970,  1971,  1980)  and 
reviewed  by  Smith  (1985)  and  Chaudonneret  (1986) .  BSnziger  (1980) 
described  a  four -step  process  of  stylet  penetration  and  withdrawal  from 
vertebrate  integument ,  commencing  with  antiparallel  movements  of  the  two 
galeae  that  impart  a  sawlike,  scissors  motion  for  cutting  into  a  surface 
depression  or  weak  spot  on  the  skin.  This  action  is  combined  with  a 
rotatory  motion  of  the  proboscis  for  enhancing  abrasion  of  the  integu¬ 
ment.  Second,  once  limited  penetration  is  achieved,  galeal  tearing 
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hooks  grip  the  skin  to  allow  anchoring  for  further  penetration  by  the 
antiparallel  movements  described  above.  Third,  after  the  proboscis  has 
sufficiently  penetrated  the  hole,  hydrostatically  erect,  retrally- 
directed  barbs  allow  each  galea  to  alternately  slide  past  each  other  as 
the  counterpart  galea  is  anchored  to  tissue,  allowing  for  advancement  of 
the  galeal  siphon  into  deeper  tissue.  Finally  withdrawal  is  achieved  by 
relaxation  of  hemocoelic  pressure  and  loss  of  barb  erectness,  with 
concomitant  retraction  of  the  galeal  siphon  as  the  hooks  and  barbs  are 
directed  distally.  The  basic  mechanism  for  fruit-piercing  siphonosty- 
lates  appears  similar  (Srivastava  and  Bogawat  1969).  In  both  cases  the 
siphon  is  rigid  and  relatively  long  during  penetration  and  bears  a 
terminal  armature  of  hooks  and  barbs .  Initial  puncture  is  accomplished 
by  a  thrust  of  the  siphon  onto  the  integument  by  a  jerk  of  the  head. 
Several  structural  modifications  to  withstand  the  structural  forces 
experienced  by  a  siphonate  proboscis  during  feeding  are  known.  They 
include  placement  of  the  siphonal  "knee  bend"  close  to  the  head  and  thus 
allowing  for  a  longer  uninterrupted  segment  of  the  siphon  for  increasing 
the  impact  force  to  the  siphon  tip,  strengthening  of  the  siphonal 
attachment  region  to  the  head,  and  enhanced  efficiency  of  the  fronto- 
clypeal  pump  (Srivastava  and  Bogawat  1969,  Smith  1985). 

The  documented  diet  of  fruit-piercing  moths  is  principally 
commercially -grown  fruit  crops  such  as  mango,  guava,  banana,  longan, 
papaya,  grape  and  tomato  (Buttiker  1962,  BSnziger  1982).  The  diversity 
of  fruit-piercing  species  can  be  high  locally:  88  species  were  recorded 
from  Ghana  (Golding  1945)  and  86  species  from  Thailand  (Banziger  1986). 
Apparently  only  ripe  fruit  is  attacked  and  fruits  with  very  tough 
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integuments  or  with  lactiferous  substances  (e.g.  Euphorbiaceae)  are 
avoided.  The  degree  to  which  naturally- occurring  fruits  are  consumed 
and  the  host- specificities  on  particular  fruit -producing  species  is  not 
well  known. 

Siphonostylate  feeding  on  ungulate  blood  is  better  documented, 
with  most  research  being  conducted  on  Calyptra  eustrigata  Hampson  in 
Southeast  Asia.  This  species  apparently  does  not  pierce  healthy  hide, 
but  will  attack  weakened  dermal  areas,  such  as  healing  skin  lesions, 
scabs  and  wounds  (BSnziger  1986) .  C.  eustrigata  will  attack  the  Indian 
elephant,  Malagasy  tapir,  pig,  buffalo  and  zebu.  Although  there  is  no 
evidence  of  C.  eustrigata  attacking  normal,  healthy  vertebrate  skin  in 
nature,  it  readily  penetrates  the  healthy  skin  of  pig  ear  and  the  human 
finger  under  artificial  conditions  (Bclnziger  1986) .  Although  the  Indian 
elephant  is  the  "preferred"  host  of  C.  eustrigata,  there  is  no  indica¬ 
tion  of  an  obligate  or  even  an  evolving  relationship  since  all  native 
and  introduced  ungulates  are  attacked  when  available.  At  least  four 
species  of  Calyptra  are  known  to  attack  ungulates  for  blood  in  Southeast 
Asia.  Unlike  other  sanguinivorous  insects,  only  males  have  been 
observed  to  take  up  blood,  and  it  is  strongly  suspected  that  females  are 
fruit  sap  feeders  (BSnziger  1986) .  BSnziger  (1986)  concluded  that  the 
blood  meal  of  Calyptra  males  does  not  fulfill  their  nutritional  require¬ 
ments  and  that  they  probably  imbibe  fruit  sap  as  well.  Apparently  all 
other  species  of  Calyptra  pierce  fruit  and  are  obligate  frugivores.  The 
presence  of  congeneric  fruit-piercing  and  vertebrate  skin-piercing  spe¬ 
cies  may  not  indicate  a  drastic  dietary  shift  since  ripe  fruits  attacked 
by  many  fruit-piercers  produce  fetid  odors  similar  to  decomposing  animal 
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FIGURE  123.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Siphono- 
stylate  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouth- 
part  class  to  other  mouthpart  classes . 
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matter  and  include  amino  acids  also  found  in  animal  tissues  (BSnziger 
1980). 

Structural  Themes.  There  are  no  structural  themes  evident  in  the 
dendrogram  of  siphonostylate  mouthparts  (Fig.  123). 

Geochronologic  History.  Siphonostylates  lack  a  fossil  record. 
Although  three  fossil  occurrences  (Fig.  124)  are  attributed  to  noctuids 
--an  egg  from  the  Upper  Cretaceous  of  Massachusetts  (Gall  and  Tiffney 
1983)  and  body  fossils  and  leaf -mines  from  the  Late  Tertiary  (Kozlov 
1988) --it  is  impossible  to  determine  whether  they  are  from  siphonate 
lineages  (more  likely)  or  siphonostylate  lineages  (less  likely) .  Since 
there  is  undoubtedly  considerable  structural  convergence  upon  the 
siphonostylate  condition,  a  phenomenon  that  has  occurred  at  the  generic 
level  seemingly  at  random  in  three  noctuid  subfamilies,  even  assignment 
of  a  potential  noctuid  fossil  to  a  subfamily  or  tribe  is  insufficement 
for  placement  in  the  siphonostylate  class.  Although  the  Noctuidae 
probably  diverged  from  their  sister-group,  the  Agaristidae,  sometime 
during  the  Cretaceous  (after  Kozlov  1988) ,  nothing  can  be  concluded 
regarding  the  origin  of  noctuid  subfamilies. 

The  only  evidence  available  to  base  a  tentative  judge  ment 
regarding  the  antiquity  of  the  siphonostylate  mouthpart  class  is  the 
biogeographical  distribution  of  various  fruit  and  vertebrate  skin¬ 
piercing  species  in  Southeast  Asia.  According  to  BSmziger  (1986)  the 
vertebrate  skin-piercing  habit  originated  prior  to  15 , OOOyr  BP  when  an 
exposed  land  bridge  of  continental  shelf  with  a  few  minor  water  gaps 
connected  New  Guinea  to  the  Asian  mainland.  If  fruit-piercing  is 
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FIGURE  124.  Geochronologic  history  of  the  Siphonostylate  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding  to  each  fossil  occurrence.  Phylogram  after  Kozlov  (1988b). 
The  level  of  taxonomic  analysis  is  the  family.  The  outgroup  is 
Agaristidae,  which  lacks  a  fossil  record.  Siphonostylates  comprise 
several  documented  extant  genera  within  the  Noctuidae,  and  their 
fossil  history  is  unknown;  this  phylogram  indicates  a  maximum  value 
for  the  geochronology  of  the  mouthpart  class. 
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ancestral  to  vertebrate  skin-piercing,  then  the  fruit-piercing  habit  is 
minimally  Late  Pleistocene  in  origin,  possibly  older. 

Previous  Designations.  The  first  mention  of  lepidopteran  probos¬ 
cides  that  were  structurally  modified  for  penetration  of  integument  was 
for  the  fruit-piercing  Ophidoderes  fullonica  Linneaus  by  Darwin  (1875) 
and  Ktickel  (1875) .  Breitenbach  (1882)  later  discussed  the  structure  and 
function  of  barbs  and  hooks  from  the  termini  of  various  proboscides  of 
fruit-piercing  moths.  Although  BSnziger  (1967-1986)  and  Srivastava  and 
Bogawat  (1969)  discussed  and  illustrated  the  structure,  feeding  mecha¬ 
nism  and  nutritional  ecology  of  several  fruit  and  vertebrate  skin¬ 
piercing  moths,  no  designations  were  used  to  refer  to  this  distinctive 
modification  of  the  lepidopterian  galeal  siphon.  (See  Table  6  for  a 
brief  history  of  mouthpart  nomenclature.)  Because  of  the  phenetic 
distinctiveness  of  this  mouthpart  type ,  I  am  using  the  term  siphonosty- 
late  to  convey  both  the  structure  of  the  proboscis  as  well  as  its  role 
in  obtaining  fluid  food  from  unexposed,  tissue-bound  fluid  food. 

Review  of  Literature.  Early  recognition  of  the  stylate  nature  of 
certain  lepidopteran  proboscides  can  be  found  in  Ktinckel  (1975) ,  Darwin 
(1875)  and  Breitenbach  (1882) .  Descriptions  of  head  and  mouthpart 
structure  were  later  provided  by  Srivastava  and  Bogawat  (1969)  for 
Oth.reis  ma.tema  (Linneaus)  and  Bfinziger  (1970,  1971,  1980)  for  Calyptra 
eustrigata  (Hampson) .  Regional  inventories  of  fruit-piercing  moths 
include  Golding  (1945)  for  Ghana,  Buttiker  (1962)  for  prominent  tropical 
species  and  BSnziger  (1982)  for  Thailand.  Superb  field  work  on  the 
ecology  of  food  procurement  and  feeding  by  skin-piercing  moths  on 
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ruminants  can  be  found  in  several  works  by  BSnziger  (1967,  1975,  1979, 
1986).  General,  brief  reviews  of  siphonostylate  mouthpart  structure  are 
provided  by  Smith  (1985)  and  Chaudonneret  (1986) . 

8.10.  Agnathate  Series 

8.10.1.  General  Features 
of  the  Agnathate  Series 

General  Structure.  The  Agnathate  Mouthpart  Series  is  a  taxono- 
micaly  diverse  assemblage  of  insects  from  seven  orders  (Ephemoptera, 
Homoptera,  Coleoptera,  Strepsiptera,  Diptera,  Lepidoptera  and  Hymenop- 
tera)  that  are  placed  in  two  mouthpart  classes  (Reduced  Trophic  and 
Nontrophic)  and  are  united  by  the  shared  property  of  highly  reduced  to 
virtually  nonexistent  mouthparts .  Thus  the  members  of  the  mouthpart 
series  exhibit  mouthpart  reduction  to  a  significant  extent,  and  beyond 
the  occasional  absence  of  isolated  mouthpart  elements  that  are  conse¬ 
quences  of  fusions,  absences  or  modifications  that,  in  part,  define  the 
unique  mouthpart  complexes  of  other  mouthpart  series.  For  example, 
while  the  Segmented  Beak  Mouthpart  Class  lacks  important  labial  and 
maxillary  elements,  it  nevertheless  is  characterized  by  the  presence  of 
an  unique  mouthpart  organ- -the  hemipteroid  beak.  By  contrast  agnathates 
not  only  lack  mouthpart  elements  to  varying  degrees  and  in  varying 
mouthpart  regions ,  they  are  additionally  characterized  by  the  absence  of 
any  substituted  mouthpart  organ. 

Agnathates  are  either  ephemeral  nonfeeding  adults  or  they  are 
larval  parasites  or  parasitoids  that  require  few  mouthpart  elements  for 
sustenance.  Usually  only  one  or  at  most  a  few  mouthpart  regions  are 
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demonstrably  developed.  Although  the  term  "agnathous"  is  inexact  for 
describing  those  forms  with  functional  mandibles,  the  absence  of  other 
gnathal  mouthpart  elements  in  adjacent  mouthpart  regions  from  the  same 
forms  renders  this  term  appropriate.  Thus  agnathate  refers  to  any 
member  in  this  series  which  exhibits  some  degree  of  major  gnathal 
reduction,  regardless  of  whether  this  reduction  occurs  in  the  mandibu¬ 
lar,  maxillary,  labial  or  some  other  mouthpart  region.  Agnathates  can 
be  considered  as  a  mouthpart  group  united  more  by  the  absence  of 
structures  than  by  the  common  possession  of  a  functional,  specific 
mouthpart  organ.  The  term  "agnathate"  was  previously  used  as  a  synonym 
for  the  order  Plecoptera  (Martynov  1930) ,  presumably  because  of  the 
trend  toward  mouthpart  atrophy  in  adult  plecopterans . 

Mouthpart  reduction  has  apparently  affected  the  labial  region  most 
severely  in  agnathates,  followed  successively  by  the  maxillary  and 
labral  regions.  The  mandibular  region  is  the  most  persistent  mouthpart 
region  and  remains  present  in  many  groups  (Murphy  1922,  Janvier  1933, 
Kinzelbach  1966)  even  though  often  there  is  no  indication  that  the 
rudimentary  mandibles  are  functional.  This  general  reduction  in 
mouthpart  size  is  also  associated  with  desclerotization,  asymmetry  and 
lack  of  shape  constancy.  Frequently  there  is  great  phenotypic  variation 
in  mouthpart  development  of  forms  with  vestigial  mouthparts  (Needham, 
Traver  and  Hsu  1935) . 

Included  Classes.  Thie  Agnathate  Series  comprises  the  Reduced 
Trophic  and  Nontrophic  Mouthpart  Classes  (See  table  6  for  taxal  member¬ 
ship,  life-stages  and  number  of  taxa  examined). 
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Diversity  and  Other  Distributional  Patterns.  The  Agnathate  Series 
comprise  a  taxonomically  diverse  assemblage  of  adult  and  immature  life- 
stages  that  occur  in  a  variety  of  terrestrial  habitats.  They  are  either 
free- living,  nonfeeding  forms  or  are  obligately  coevolved  larval  para- 
sitoids  on  other  arthropods  that  have  major  effects  on  their  arthropod 
hosts.  Adult  members  of  this  mouthpart  series  are  not  involved  directly 
with  herbivory  or  pollination  of  vascular  plants,  unlike  almost  all 
other  mouthpart  series.  However  aphagy  and  concomitant  mouthpart 
reduction  may  be  a  consequence  of  angiosperm  colonization  by  holometabo- 
lous  clades  whose  larvae  function  as  the  trophic  stage,  with  subsequent 
relegation  of  the  adult  stage  to  an  ephemeral,  reproductive  role  only 
(partly  from  C.  Finch,  pers.  comm.).  Examples  of  adult  aphagy  in 
Holometabola  originate  principally  in  those  clades  that  are  leaf -miners , 
external -feeding  caterpillars,  and  endoparasitoids .  When  compared  to 
other  mouthpart  series  agnathates  are  not  exceptionally  diverse  at  the 
species  level;  five  of  the  seven  other  mouthpart  have  species  diversi¬ 
ties  from  two  to  over  ten  times  that  of  agnathates.  Much  of  this  lack 
of  series -level  diversity  is  attributable  to  a  dearth  of  documentary 
data  for  insects  that  have  major  mouthpart  reduction. 

The  diets  (or  lack  thereof)  of  agnathates  constitute  two  major 
patterns.  One  group  includes  adults  of  male  coccoids  and  strepsi- 
pterans,  some  zygaenoid  lepidopterans  and  various  unrelated  dipterans 
which  apparently  do  not  feed  as  adults  and  frequently  lack  mouths  or 
alimentary  structures  essential  for  the  digestion  of  food.  It  is 
however  unclear  whether  certain  of  these  rare  lepidopterans  and 
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dipterans  with  vestigial  mouthparts  feed,  or  whether  they  imbibe  fluid 
food  and  thus  are  undocumented  feeders  due  to  the  inadequacy  of  avail¬ 
able  ecologic  data.  By  contrast  the  second  group  are  principally  larval 
or  neotenic  adult  forms  that  are  parasitoids  of  arthropod  (mostly 
insect)  hosts  and  have  a  diet  of  fluidized  host  tissue.  The  parasitoid 
strategy  of  not  immediately  killing  their  host  upon  entry  or  attachment 
serves  to  conserve  food  resources  until  a  timely  change  in  parasitoid 
life-stage,  such  as  pupation  or  adult  emergence. 

Major  Structural  Variations.  Two  major  structural  themes  occur 
within  the  Agnathate  Mouthpart  Series:  the  Reduced- Trophic  and  Non- 
trophic  mouthpart  classes.  Fig.  28  illustrates  the  phenetically 
disjunct  nature  of  these  two  themes.  The  Nontrophic  Class  exhibits 
sufficient  similarity  in  head  shape,  sensory  organ  development  and,  to  a 
lesser  extent,  mouthpart  structure  with  a  siphonate/haustoriate  group 
(Sections  8.6,  8.5.2)  that  they  share  the  same  larger  cluster.  A 
distinctly  different  pattern  is  evident  for  reduced- trophies ,  which 
display  the  greatest  degree  of  similarity  with  the  three  mandibulo- 
caniculate  mouthpart  classes  (Section  8.4).  Because  of  the  presence  of 
a  basic  holometabolous  larval  head  structure  with  reduced  mouthpart 
elements,  strepsipterans  and  larval  hymenopterans  of  the  Reduced- Trophic 
Mouthpart  Class  exhibit  their  greatest  similarities  with  the  Mouthhook 
Class  (Section  8.4.4)  and,  to  a  lesser  degree,  the  Fossate- Complex  and 
Tubulomandibulate  Classes.  Since  mouthpart  series  assignments  of 
mouthpart  classes  are  based  on  functional  criteria,  the  placement  of  two 
phenetically  distant  mouthpart  classes  in  the  Agnathate  Series  indicates 
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that,  while  mouthpart  reduction  has  occurred  in  numerous  lineages,  they 
can  be  described  phenetically  by  two  basic  themes. 

Geochronologic  Range.  Of  the  taxa  examined  in  this  study,  major 
mouthpart  reduction  appears  to  be  a  Middle  to  Late  Mesozoic  phenomenon 
(Figs.  127,  130).  However,  because  of  the  ubiquity  of  mouthpart 
reduction  series  among  diverse,  unrelated  insect  lineages,  earlier 
instances  of  this  phenomenon  can  not  be  ruled  out  and  in  fact  are 
likely.  It  would  be  difficult  to  detect  Paleozoic  or  Early  Mesozoic 
reduced- trophies  by  an  examination  of  the  relevant  insect  fossils. 
Furthermore,  because  of  the  taxon- specific  nature  of  mouthpart  reduc¬ 
tion,  extrapolation  of  this  mouthpart  type  to  more  inclusive  taxonomic 
units  is  not  advisable.  This  is  particularly  true  for  extant  nontrophic 
ephemeropterans ,  whose  Paleozoic  ancestors  had  well -developed  mandibu- 
late  mouthparts  (KukalovA-Peck  1985).  Thus  the  geochronologic  range  of 
agnathates  incurs  special  problems  inherent  in  the  nature  of  a  grouping 
based  on  a  widespread  phenomeon  within  in  sects ,  rather  than  the  origin 
of  a  particular  discrete  structure  (or  structures)  that  is  more  amenable 
to  tracking  through  geologic  time. 

8.10.2.  Reduced-Trophic  Class 
(Class  33) 

Description.  Head  of  variable  shape,  mostly  free  but  commonly  a 
cephalothorax,  retractile  or  nonre tractile ;  proboscis  absent  except  in  a 
few  forms  as  a  short  process.  Genae  variable,  often  expanded  dorsoven- 
trally;  gula  variable,  absent  to  prominently  developed.  Lorum  absent; 
frontal/vertical  region  delineated  and  present,  rarely  absent.  Antennae 
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mostly  absent  to  stubby,  when  well -developed  filiform  or  lamellate/ 
flabellate,  rarely  otherwise;  ocelli  mostly  absent,  infrequently  2  and 
rarely  more  than  3  in  number;  compound  eyes  variable.  Mouthparts 
reduced  significantly  in  all  forms  to  almost  absent.  When  present 
mouthparts  are  mandibulate  and  placement  is  hypognathous  or  prognathous; 
food  pump  absent  or  present. 

Clypeus  mostly  absent;  when  present  quadrate  to  less  commonly 
transversely-elongate  in  shape  and  undivided  or  fused  to  other  struc¬ 
tures.  Lab rum  generally  absent;  when  present  shape  is  quadrate  to 
transversely  elongate,  undivided  or  fused  to  clypeus;  margin  curvi¬ 
linear,  rarely  otherwise.  Hypopharynx  and  epipharynx  mostly  absent. 
Mandibles  frequently  absent;  when  present  dicondylic,  short -hooklike  to 
ensiform  or  falcate,  edentate,  weakly  musculated  by  adduction/abduction. 
Maxillae  mostly  absent;  when  present  the  main-body  is  single  and  equant 
and  a  palpus  is  present.  When  present,  palpus  generally  2-  or  1- 
segmented,  filiform  to  stubby  or  mucronate  and  often  short,  rarely  long. 
Galeae  and  laciniae  rarely  present;  when  present  usually  generalized  and 
spatulate.  Labium  frequently  absent;  when  present  main-body  is  general¬ 
ly  elongate  and  undivided  and  bearing  palpi  or  a  labellum  as  appendages. 
Labial  palps,  when  rarely  present  1-segmented,  mostly  stubby  and  short. 
Glossae  and  paraglossae  not  evident.  Interregional  co-optation  of 
mouthpart  elements  absent. 

Key  Phenocharacters .  It  is  difficult  to  extract  a  consistent 
theme  for  a  taxonomically  heterogenous  mouthpart  class  that  is  charac¬ 
terized  more  by  the  absence  of  structures  rather  than  the  possession  of 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


706 


an  unique  mouthpart  organ  or  an  unique  combination  of  mouthpart  struc¬ 
tures.  The  principal  feature  uniting  members  of  the  Reduced- Trophic 
Mouthpart  Class  is  the  absence  of  at  least  one  major  mouthpart  region 
wherein  at  least  75%  of  the  mouthpart  regions  is  characterized  by- 
missing  elements.  Stated  another  way,  reduced- trophies  are  diagnosed  by 
the  complete  or  near- complete  absence  of  at  least  one  major  mouthpart 
region  (labral,  mandibular,  maxillary  or  labial)  or  the  absence  of  any 
combination  of  these  regions.  For  example,  whereas  streps ipterans  lack 
only  about  75%  of  their  labial  mouthpart  elements  (one  extreme) ,  adult 
male  coccoids  are  bereft  of  the  labral,  mandibular,  maxillary  and  labial 
regions  altogether  (other  extreme) . 

Two  other  mouthpart  classes  can  be  confused  with  reduced- 
trophies:  segmented-beaks  (Section  8.9.2)  and  the  nontrophics  (Section 

8.9.3).  Although  segmented-beaks  exhibit  considerable  reduction  of 
mouthpart  elements  particularly  from  the  maxillary  and  labial  regions 
and  are  essentially  apalpate,  they  nevertheless  bear  prominent  maxillary 
laciniae  and  a  prominent,  labially-derived  haustellum,  unlike  reduced- 
trophies  .  Nontrophics  by  contrast  possess  mouthpart  reductions  like 
reduced- trophies  but  the  distribution  of  these  reductions  are  not 
systematic  and  pervasive  for  entire  regions  (except  for  mandibles)  and 
generally  affect  only  two  or  three  elements  per  mouthpart  region.  The 
extent  of  mouthpart  reduction  in  nontrophics  is  much  less  than  for 
reduced- trophies ;  nontrophics  have  lost  principally  maxillary  galeae  and 
laciniae,  labial  glossae  and  paraglossae  and  often  mandibles. 
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Diversity  and  Natural  History.  Members  of  the  Reduced- Trophic 
Mouthpart  Class  are  small,  inconspicuous,  often  larviform  parasites  or 
parasitoids  on  other  arthropods  and  less  frequently  surface  fluid 
imbibers  or  aphagous  (Fig.  125) .  Reduced- trophies  often  participate  in 
coevolutionary  associations  between  arthropods  in  terrestrial  ecosys¬ 
tems,  and  comprise  principally  three  taxonomic  groups  that  are  united  by 
a  common  theme  of  supression  in  various  degrees  of  maxillary,  labial  and 
frequently  other  mouthpart  regions  (Giliomee  1967a,  Roskam  1982, 
Kathirithamby  1989).  Reduced- trophies  comprise  six  orders,  70  families, 
approximately  3450  genera  and  approximately  27 , 800  species  of  insects 
(Appendix  D)  and  have  a  rank- order  of  11  out  of  34  mouthpart  classes 
(Table  5,  Fig.  131).  This  significant  diversity  is  matched  by  a 
respectable  geochronologic  duration  with  various  constituent  taxa  having 
origins  during  the  first  half  of  the  Mesozoic. 

The  dominant  constitutent  taxa  of  the  mouthpart  class  are  (i) 
adult  male  coccoids,  (ii)  all  life-stages  of  streps ip terans  and  (iii) 
the  larval  stages  of  Hymenoptera-Parasitica  from  the  superfamilies 
Chalcidoidea,  Proctotrupoidea  and  Ceraphronoidea.  (A  few  members  from 
other  isolated  clades  are  also  present,  such  as  certain  families  of 
coleopterans ,  dipterans  and  hymenopterans . )  The  first  of  these  groups 
is  aphagous  whereas  the  latter  two  groups  are  endoparasitic  and  less 
commonly  ectoparasitic  on  a  wide  variety  of  terrestrial  arthropodan 
hosts  (Frost  1959,  Malyshev  1968,  Kathirithamby  1989).  This  taxonomic 
composition  indicates  that  the  reduced- trophic  condition  has  been 
arrived  at  from  at  least  11  major,  independent  lineages  (Fig.  126), 
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although  the  incidence  of  mouthpart  reduction  for  insects  (see  also 
Section  8.10.3)  is  undoubtedly  considerably  higher.  This  is  particu¬ 
larly  true  for  holometabolous  clades,  wherein  reduced  mouthparts  in  the 
•reproductive  or  adult  stage  and  the  frequent  absence  of  feeding  is  a 
consequence  of  individual  biomass  acquired  during  the  trophic  or  larval 
stage.  For  constituent  larval  parasites  and  parasitoids  the  reduced- 
trophic  condition  possesses  the  minimum  complement  of  mouthparts 
necessary  for  securing  an  internal  or  external  anchor  to  a  host  and  for 
extraction  of  ambient  host  tissue  for  food.  Almost  always  the  mouth¬ 
parts  used  for  these  functions  are  the  mandibles ;  other  mouthpart 
regions  either  bear  rudimentary  appendages  or  are  bereft  of  appendages 
altogether.  Of  the  three  major  groups  mentioned  above  the  Coccoidea  and 
Strepsiptera  are  monophyletic  lineages  (Hennig  1981,  Kathirithamby 
1989);  however  a  common  ancestor  currently  can  not  be  established  for 
the  three  superfamilies  (Proctotrupoidea,  Chalcidoidea,  Ceraphronoidea) 
of  the  Hymenoptera- Parasitica  (KOningsmann  1978a) .  Thus  additional 
convergences  within  the  Reduced-Trophic  Mouthpart  Class  may  be  present. 

Most  reduced- trophic  members  are  liquid- feeders  within  host 
tissues,  mostly  by  oral  ingestion  of  fluidized  food,  but  also  by 
cutaneous  assimilation.  An  exception  to  this  dietary  regime  are  adult 
male  coccoids  and  strepsipterans ,  which  bear  vestigial  mouthparts 
(Kinzelbach  1966,  Richards  and  Davies  1977)  and  do  not  feed  (Theron 
1958,  Kinzelbach  1969).  Both  groups  are  active  fliers,  although  the 
hindwings  of  coccoids  and  forewings  of  strepsipterans  are  modified  into 
halteres.  They  are  also  short-lived  as  reproductive  adults,  inseminat¬ 
ing  neotenic  females  devoid  of  wings,  eyes  and  well -developed  legs 
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within  hours  of  their  emergence  from  a  host  (Bohart  1946b,  Richards  and 
Davies  1977) .  Other  reduced- trophic  members  which  do  not  feed  include 
somatobrachyid  and  epipyropid  lepidopterans  and  probably  an  agaonid 
parasitican  hymenopteran  (Fig.  125).  Various  unrelated  dipteran  groups 
such  as  adult  nymphomyiids ,  acrocerids  and  gasterophilids  have  reduced- 
trophic  mouthparts  and  are  either  aphagous  or  imbibe  surface  fluids. 

Brues  has  characterized  parasitoids,  the  dominant  members  of  the 

Reduced- Trophic  Mouthpart  Class,  in  the  following  way: 

Some  are  clearly  derived  from  predators,  others  from  phyto¬ 
phagous  ancestors,  as  nearly  as  we  are  able  to  judge  on  the 
basis  of  available  criteria.  Extreme  specialization  and 
convergence  in  both  structure  and  development  are  commonly 
encountered  throughout  the  entire  series  and  this  serves 
further  to  obscure  the  actual  relationships  between  the 
numerous  groups  of  the  insects  concerned  (Brues  1972:  333). 

Parasitoids  are  generally  monophagous  or  oligophagous  with  respect  to 
host  species  (Vinson  and  Barbosa  1987);  few  are  polyphagous .  Although 
they  attack  eggs,  nymphs ,  larvae,  pupae  and  adults  of  other  insects,  it 
is  nymphs  and  larvae  that  are  favored  (Frost  1959) .  Host/parasitoid 
interactions  can  be  distinguished  from  predation  and  parasitism  by  the 
predictability  and  temporal  duration  of  the  food  resource.  During 
growth  and  development  predators  are  characterized  by  the  immediate 
consumption  of  prey  which  fluctuates  considerably  in  availability  and 
variety;  parasites  consume  a  near- infinite  host  resource  that  is 
relatively  unpredictable;  and  parasitoids  consume  a  finite  host  resource 
that  is  relatively  more  predictable  (Brues  1921,  Vinson  and  Barbosa 
1987).  Parasitoids  are  perhaps  best  characterized  as  initially  operat¬ 
ing  as  a  parasite  by  avoiding  consumption  of  essential  host  organs  and, 
before  pupation,  they  kill  the  host  akin  to  a  predator  (Frost  1959) . 
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Parasitoidism  among  reduced- trophies  involves  a  complex  life-cycle 
in  which  one  or  more  hosts  are  used  by  an  internal  or  external  larva  to 
obtain  nutrition  without  immediately  killing  the  host.  Among  chalci- 
doids  a  broad  spectrum  of  hosts  are  attacked,  including  taxa  from 
virtually  every  holometabolous  order,  many  hemimetabolous  groups, 
thysanurans  (silverfish) ,  arachnids  and  mites  (Gauld  and  Bolton  1988). 
Proctotrupoids  are  also  endoparasitic  and  ectoparasitic ,  whose  hosts 
include  larval  chrysopid  planipennians  (green  lacewings) ,  coleopteran 
larvae,  dipteran  pupae  and  nonspecific  insect  eggs.  Ceraphronoids 
attack  dipterans ,  coccoids ,  boreid  mecopterans  and  neuropterans  (Gauld 
and  Bolton  1988) .  Strepsipterans  also  have  a  broad  range  of  attacked 
hosts,  including  thysanurans,  orthopteroids  of  at  least  four  orders, 
homopterans,  heteropterans ,  and  a  few  major  holometabolous  groups 
(Kathirithamby  1989).  In  all  these  parasitoids  a  generalized  life  cycle 
commences  with  oviposition  of  an  egg  in  or  on  a  host  followed  by 
permanent  attachment  and  feeding  on  nonvital  host  tissues  by  the  hatched 
maggot.  After  a  period  of  larval  feeding  the  host  is  killed  by  the 
parasitoid  as  it  consumes  its  vital  organs.  The  remaining  host  carcass 
is  frequently  used  as  a  substrate  for  parasitoid  pupation.  In  most 
strepsiperans  the  female  parasitoid  is  neotenically  larviform  in  the 
host  and  is  inseminated  by  the  winged,  free -living  male  through  the 
host's  body  wall  (Richards  and  Davies  1977).  The  resulting  zygotes 
eventually  hatch  in  the  female  strepsipteran' s  body  cavity  and  are 
subsequently  liberated  into  the  host's  body  cavity  where  they  undergo 
two  or  more  structurally  distinct  larval  stages.  Such  larval  hetero- 
morphy  also  occurs  in  parasitican  hymenopterans ,  which  are  also 
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characterized  by  supernumerary,  distinctive  larval  stages  (hypermeta¬ 
morphosis)  . 

An  exceptional  phenomenon  occurring  dominately  in  strepsipteran  and 
parasitican  hymenopteran  parasitoids  is  obligate  hyperparasitism.  In 
hyperparasitism  the  larva  of  a  parasitoid  species  in  or  on  the  primary 
host  becomes,  in  turn,  attacked  by  a  second  parasitoid  species,  eventu¬ 
ally  killing  its  newfound  parasitoid  host  (Brues  1921,  1972;  Kathiri- 
thamby  1989)  .  Facultative  hyperparasitism  occurs  when  the  secondary 
parasitoid  larva  has  an  option  of  either  developing  on  the  host  or  on 
the  primary  parasitoid  species .  One  elaboration  of  this  phenomenon  is 
superparasitoidism,  characterized  by  a  complex  biocoenosis  of  diverse 
parasitoids  and  parasites  inhabiting  a  host,  with  numerous  delete  rious , 
neutral,  or  even  beneficial  associations  occurring  among  the  host 
inhabitants  (Brues  1972,  Kathirithamby  1989). 

Structural  Themes .  Three  dominant  structural  themes  characterize 
the  Reduced  Trophic  Mouthpart  Class  (Fig.  126) .  These  themes  are 
characterized  by  a  morphological  gradient  in  which  forms  with  the 
greatest  degree  of  missing  mouthparts,  principally  adult  male  coccoids, 
are  subclustered  to  the  left  of  Fig.  126  and  forms  with  the  least  amount 
of  mouthpart  reduction,  namely  all  life-stages  of  strepsipterans ,  are 
subclustered  on  the  right  of  the  figure.  The  subcluster  in  the  middle, 
parasitican  hymenopterans ,  exhibit  an  intermediate  level  of  mouthpart 
reduction.  The  single  taxon  Schizaspidia  tenuicomis  (data-set  taxon 
1288  in  Fig.  126),  a  larval  agaonid  hymenopteran,  is  a  fourth  subclus¬ 
ter,  but  is  unimportant  in  terms  of  the  trend  mentioned  above. 
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REDUCED  TROPHIC  MOUTHPARTS 


FIGURE  126.  Cluster  analysis  dendrogram  of  taxa  comprising  the  Reduced- 
Trophic  Mouthpart  Class.  See  Fig.  28  for  relationship  of  this  mouth- 
part  class  to  other  mouthpart  classes. 
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The  subcluster  dominated  by  adult  male  coccoids  (data  set  taxa  334 
to  345  in  Fig.  126)  and  constituent  segregates  that  include  adult 
lepidopterans  (1156,  1158)  and  dipterans  (873,  988)  exemplifies  the 
greatest  degree  of  mouthpart  reduction  for  any  taxa  of  the  data-set. 

For  some  taxa  of  this  subcluster  up  to  80%  of  all  characters  are 
represented  as  absent  character - states ,  thus  providing  a  distinctive 
quality  to  this  group.  For  members  of  this  subcluster,  labra,  epi- 
pharynges,  hypopharynges ,  mandibles,  maxillae  and  labia  are  missing. 

Thus  male  coccoids  are  ephemeral,  nonfeeding  forms  that  lack  mouthparts 
and  bear  a  minimum  of  sensory  organs  and  head-related  structures. 

The  subcluster  located  in  the  center  of  the  dendrogram  comprises 
members  of  three  superfamilies  of  the  Hymenoptera-Parasitica  (1271  to 
1283)  and  a  single  nematoceran  dipteran  (858).  These  taxa  are  charac¬ 
terized  by  absence  of  labra  and  maxillae,  presence  of  mandibles  and 
varying  degrees  of  labial  reduction  that  ranges  from  partial  supression 
to  complete  absence.  This  characterization  represents  an  intermediate 
condition  between  the  extreme  reduction  of  adult  male  homopterans  and 
the  modest  reduction  of  the  labium  and  often  the  maxillae  found  in 
rhipiphorid  coleopterans  (654,  656)  and  strepsipterans  (747  to  756)  in 
the  subcluster  at  the  right  of  Fig.  126.  In  the  case  of  strepsipterans 
the  labium  is  completely  or  near -completely  absent  and  several  elements 
of  the  maxillae  are  missing  as  well.  When  compared  to  adult  male 
coccoids,  mouthpart  element  absence  has  only  affected  about  20%  of  the 
49  characters  of  a  typical  strepsipteran  species. 
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Geochronologic  History.  In  this  section  the  fossil  history  of  the 
three  major  and  two  minor  taxonomic  groups  that  contribute  to  the 
diversity  of  the  Reduced- Trophic  Mouthpart  Class  will  be  discussed. 

They  are  coccoid  homopterans,  streps ip terans ,  parasitican  hymenopterans , 
rhipiphorid  coleopterans  and  various  dipteran  groups.  With  the  excep¬ 
tion  of  diperans,  phylogenies  and  fossil  occurrences  of  these  groups  are 
provided  in  Fig.  127. 

Although  the  isolated  occurrence  of  Mesococcus  asiaticus  Bekker- 
Migdisova  1959  from  the  Late  Triassic/Early  Jurassic  of  the  USSR  [73]  is 
an  early  exception,  all  known  coccoid  fossils  are  Cretaceous  or  Cenozoic 
in  age  and  are  referrable  to  extant  families  (Koteja  1986).  Most  of 
these  fossils  are  adult  alate  males  (Koteja  1986)  and  thus  are  compara¬ 
ble  to  Recent  reduced- trophies .  The  earliest  described  coccoid  is  the 
margarodid  Eomatsucoccus  sukachevae  Koteja  1988c  from  the  Early  Creta¬ 
ceous  of  the  USSR  [52] .  From  Late  Cretaceous  amber  of  the  USSR  [37]  a 
diverse  fauna  of  margarodids,  ortheziids,  pseudococcids ,  eriococcids, 
coccids  and  diaspidids  have  been  documented  (Koteja  1986)  and  from 
somewhat  younger  Cretaceous  Canadian  amber  [35]  a  margarodid  and  a 
coccid  are  known  (Beardsley  1969) .  By  mid-Tertiary  times  additional 
amber  material  indicates  that  many  of  the  extant  plant  predator/host 
plant  associations  were  in  existence  (Koteja  1988c).  However  Koteja 
(1985,  1988c)  concludes,  because  of  the  occurrence  of  Early  Cretaceous 
coccoids  whose  modern  representatives  are  coevolved  on  gymnospermous 
hosts,  that  the  Coccoidea  experienced  a  major  radiation  onto  various 
gymnosperms  during  the  Jurassic.  Only  a  portion  of  this  fauna  was 
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FIGURE  127.  Geochronologic  history  of  the  Reduced- Trophic  Mouthpart 
Class.  See  Appendix  F  for  taxa,  localities  and  references  corres¬ 
ponding-  to  each  fossil  occurrence.  The  phylograms  are  after  Schlee 
(1969)  and  Koteja  (1974)  for  Coccoidea,  Crowson  (1981)  for 
Mordellidae  +  Rhipiphoridae,  Kathirithamby  (1989)  and  Hennig  (1981) 
for  Strepsiptera,  Scott  (1986)  and  Kozlov  (1988b)  for  Zygaenoidea  + 
Cossoidea,  and  KOningsmann  (1978a)  for  nonaculeate  Hymenoptera.  The 
level  of  analysis  is  the  family,  except  for  the  nonaculeate  Hymeno¬ 
ptera  and  Lepidoptera,  which  are  analyzed  at  the  superfamily  level. 
Outgroups  are  Aphidoidea  for  Coccoidea,  Mordellidae  for  Rhipi¬ 
phoridae,  Coleoptera  for  Strepsiptera,  Cossoidea  for  Zygaenoidea,  and 
Symphyta  for  nonaculeate  Hymenoptera.  These  fossil  occurrences  are 
not  a  complete  inventory  of  all  documented  fossil  members  of  this 
mouthpart  class. 
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subsequently  co-opted  by  angiosperms.  A  similar  conclusion  was  made  by 
Jarzembowski  (1989)  for  aphids,  the  sister-group  to  coccoids.  The 
actual  origin  of  the  Coccoidea  +  Aphidoidea  was  much  earlier,  probably 
during  the  Late  Permian  or  Early  Triassic  (Hennig  1981) . 

The  fossil  history  of  strepsipterans  is  confined  to  the  Cenozoic. 
The  oldest  form  is  a  specialized  myrmecolacid  primary  larva  from  the 
Eocene  of  Germany  [24]  (Kinzelbach  and  Lutz  1985).  The  younger  Baltic 
amber  fauna  [19]  also  has  yielded  myrmecolacids  and  adult  male  specimens 
of  the  more  primitive  family  Mengeidae  (Ulrich  1927,  Keilbach  1939). 
Recent  mengeids  possess  a  larval  stage  that  is  a  parasitoid  of  a  soil- 
inhabiting  thysanuran  rather  than  the  more  typical  hymenopteran  host 
(Larsson  1978).  From  Miocene  Dominican  amber  [17]  myrmecolacid  and 
closely  related  elenchid  specimens  have  been  recovered  (Kinzelbach  1979, 
1983) .  In  an  evaluation  of  strepsipteran  diversity  and  host/parasitoid 
specializations  from  these  three  deposits,  Kinzelbach  and  Lutz  (1985) 
have  concluded  that  the  Strepsiptera  extends  to  the  Jurassic  and 
probably  had  an  origin  during  the  Permian.  Kathirithamby  (1989)  did  not 
venture  a  judgement  regarding  the  timing  of  strepsipteran  origin,  but 
did  note  that  the  Eocene  myrmecolacid  larva  was  very  apomorphic  in 
structure . 

Rhipiphorid  larvae  are  structurally  very  similar  to  strepsipterans 
(Crowson  1981)  and  are  members  of  the  same  subcluster  of  reduced- 
trophies  (Fig.  127).  They  are  often  considered  as  convergent  upon  the 
strepsipteran  ground  plan  (Kinzelbach  1971,  Kathirithamby  1989)  and  thus 
not  closely  related.  Rhipiphorids  are  documented  from  Upper  Eocene/ 
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Lower  Oligocene  Baltic  amber  [19]  (Keilbach  1982)  and  from  subfossil 
Burmese  amber  (Cockerell  1917)  although  their  sister-group  the  Mordel- 
lidae  is  known  from  the  Upper  Jurassic  of  the  USSR  [60]  (Crowson  1974, 
1981) .  Accordingly  rhipiphorids  are  presumed  to  have  a  Late  Jurassic  or 
somewhat  earlier  origin. 

Various  unrelated  dipteran  groups  have  independentaly  undergone 
significant  mouthpart  reduction,  including  larval  hyperoscleids  and 
adult  nymphiomyiids ,  acrocerids  and  gasterophilids .  Nymphomyiids  lack  a 
fossil  record  (McKevan  and  Cutten  1981)  although  Rohdendorf  (1974)  and 
Rohdendorf  and  Kalugina  (1974)  consider  them  as  a  relict  group  of 
primitive  Mesozoic -aspect  flies  belonging  the  once -diverse  suborder 
Archidiptera.  Although  hyperoscelids  are  known  from  Upper  Eocene/  Lower 
Oligocene  Baltic  amber  [19]  (Hennig  1964),  the  relevant  constituent 
subfamily  Synneurinae  lacks  a  fossil  record  (Peterson  and  Cole  1981) . 
Acrocerids  are  typical  members  of  the  monostylate/distylate  mouthpart 
class  and  have  fossil  occurrences  extending  to  the  Upper  Jurassic  of  the 
USSR  [60]  (Ussatchov  1968).  Gasterophilids  have  a  fossil  record 
extending  to  the  Paleogene  (Rohdendorf  1974)  and  the  abundant  larval 
botfly  deposits  of  Lithophyoderma  from  the  Eocene  of  Wyoming  [23] 

(Grande  1980)  may  be  an  example.  (For  the  timing  of  origin  of  these 
groups  or  their  more  inclusive  clades,  see  Figs  82,  109,  115). 

The  origin  of  the  Hymenoptera-Parasitica  (also  known  as  Tere- 
brantia  or  Heterophaga)  appears  to  have  been  during  the  Middle  Jurassic 
based  on  a  cladistic  analysis  of  Recent  representatives  (Kfiningsmann 
1978a,  Hennig  1981).  Although  there  is  considerable  uncertainity 
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regarding  the  origin  of  specific  parasitican  groups  within  the  suborder 
Apocrita  (Hennig  1981) ,  isolated  Jurassic  and  Cretaceous  fossils  can  be 
assigned  to  particular  Recent  families  or  superfamilies.  The  earliest 
fossil  hymenopteran  is  Archexyela  crosby  Riek  1955 ,  a  xyelid  from  the 
Upper  Triassic  of  Queensland  [74],  but  the  earliest  known  parasiticans 
do  not  enter  the  fossil  record  until  the  Late  Jurassic  to  Lower  Creta¬ 
ceous  (KOningsmann  1978a) .  These  parasitican  fossils  include  Ephial- 
tites  (Evanoidea:  Ephialtitidae)  from  the  Upper  Jurassic  of  the  USSR 
[60]  (Rasnitsyn  1975,  1980)  and  the  Lower  Cretaceous  of  Spain  [56] 
(Meunier  1903,  Whalley  and  Jarzembowski  1985).  Additionally,  Upper 
Jurassic  evanoid,  aulacid-like  forms  have  been  assigned  to  the  Praeaula- 
cidae  and  comprise  at  least  eight  genera  from  the  same  Upper  Jurassic 
deposits  [60]  mentioned  above  (Rasnitsyn  1972). 

Members  of  the  three  major  reduced- trophic  parasitican  super- 
families-  -Proctotrupoidea,  Ceraphronoidea  and  Chalcido idea- -are  trace¬ 
able  to  the  Late  Jurassic  or  earliest  Cretaceous.  The  Upper  Jurassic 
form  Mesohelorus  machini  Martynov  from  the  USSR  [60]  was  once  placed  in 
the  Proctotrupoidea  (Rohdendorf  1962,  Rasnitsyn  1980),  although  Hennig 
(1981)  believed  that  it  may  equally  be  an  aculeate.  An  unnamed  procto- 
trupoid  fossil  has  been  documented  from  Lower  Cretaceous  deposits  from 
southern  Australia  [53]  (Jell  and  Duncan  1986).  Proctotrupoid  scleonids 
have  been  described  from  Late  Cretaceous  Canadian  amber  [19] ,  where  they 
comprise  six  species  (Brues  1937).  Additional  Baltic  amber  proctotru- 
poids  include  diapriids  and  proctotrupids  (Brues  1923,  Larsson  1978). 
Members  of  the  superfamily  Ceraphronoidea,  namely  ceraphronids ,  have 
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been  recovered  from  Late  Cretaceous  Alaskan  amber  [40]  (Langenheim  et 
al.  1960),  Late  Cretaceous  Canadian  amber  [35]  (Muesebeck  1963,  Carpen¬ 
ter  et  al.  1937)  and  Baltic  amber  [19]  (Brues  1923).  These  three  amber 
localities  have  also  produced  numerous  chalcidoid  fossils ,  including  an 
eulophid  from  Alaskan  amber  (Langenheim  et  al.  1960);  a  tetracampid, 
trichogrammatid,  mymarid  and  unidentified  chalcidoid  from  Canadian  amber 
(Carpenter  et  al.  1937,  McAlpine  and  Martin  1969,  Yoshimoto  1975);  and  a 
diverse  assemblage  of  nine  chalcidoid  families  from  Baltic  amber 
(Larsson  1978) . 

Telenga  (1969)  has  presented  a  hypothesis  for  the  origin  of 
parasitism  in  the  Hymenoptera-Parasitica  based  on  relationships  between 
parasitoid  and  host  pairs  among  Recent  representatives  and  on  the 
phylogenetic  proximity  of  primitive  parasiticans  to  particular  symphytan 
groups.  He  concludes  that  parasiticans  arose  from  a  siricoid-like 
symphytan  and  parasitized  wood-boring  buprestid  and  cerambycid  coleo- 
pteran  larvae.  Malyshev  (1968)  presents  a  similar  hypothesis  but 
differs  in  advocating  the  initial  predation  and  eventual  parasitoidism 
by  primitive  parasitican  lineages  of  symphytan  larvae  occurring  in  leaf 
galls.  Much  of  the  support  for  Malyshev's  (1968)  hypothesis  comes  from 
behavioral  studies  of  symphytan  and  parasitican  hymenopteran  taxa. 

Thus  the  geochronologic  distributions  of  fossils  representing 
major  lineages  of  reduced- trophies  indicates  that  this  mouthpart  class 
originated  during  the  Late  Permian  to  Early  Triassic  (coccoid  homo- 
pterans)  to  Middle  Mesozoic  (parasitican  hymenopterans) .  Strepsipterans 
probably  had  a  Middle  Mesozoic  or  even  later  origin,  although  arguments 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


723 


for  a  Permian  origin  may  place  strepsipterans  among  the  earliest  members 
of  this  class.  The  establishment  of  numerous  host/parasitoid  relation¬ 
ships  in  this  mouthpart  class  has  been  associated  with  mouthpart 
reduction  in  several  holometabolous  groups. 

Previous  Designations.  Descriptive  terms  such  as  "reduced- 
trophic"  have  not  been  used  in  the  entomological  literature  for  refer¬ 
ring  to  a  group  (or  groups)  of  hexapods  exhibiting  vestigial  mouthparts, 
particularly  if  they  are  taxonomically  unrelated.  However  references  to 
mouthpart  reduction  have  been  made  for  selected  taxa  in  specialized 
taxonomic  accounts  (e.g.,  Bohart  1946b,  Hering  1951,  Short  1952).  An 
early  attempt  of  more  comprehensive  consideration  of  mouthpart  reduction 
throughout  the  class  was  by  Metcalf  et  al.  (1962)  who  recognized  a 
"degenerate  type"  of  mandibulate  larval  mouthpart  design  in  hymeno- 
pterans  and  other  larval  groups ,  but  did  not  mention  rudimentary  adult 
mouthparts  (Table  6) .  An  exception  to  this  was  the  thorough  monograph 
by  Denis  and  Bitsch  (1973:  41)  on  hexapod  mouthpart  structure,  who 
considered  mouthpart  reduction  in  adult  male  coccoids,  strepsipterans  in 
general,  and  chalcidoids  and  proctotrupoids  as  examples  of  "r&duction 
des  pieces  buccales"  and  worthy  of  recognition  as  a  distinct  type  of 
mouthpart  modification.  Later,  Chaudonneret  (1983:  123)  discussed  under 
the  heading  of  "reduction  des  pieces  buccales  de  type  broyeur"  mouthpart 
rudimentation  in  adult  male  strepsipterans  and  coccoids,  larval  hymeno- 
pterans  (especially  parasitic  forms),  dipterans,  adult  ephemeroperans 
and  some  adult  lepidopterans .  Chaudonneret' s  (1983)  discussion 
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corresponds  approximately  to  the  Reduced- Trophic  and  Nontrophic  Mouth- 
part  Classes  outlined  in  this  study. 

The  general  absence  of  recognition  of  a  highly  reduced  mouthpart 
class  by  many  authors  is  probably  attributable  to  a  perceived  continuum 
of  mouthpart  structure  between  fully- developed  and  rudimentary  phases 
within  particular  adult  or  larval  mouthpart  types .  However  these  two 
"end-members"  are  discrete  classes,  as  Fig.  28  indicates,  and  are 
associated  with  profound  differences  in  diet  and  also  major  differences 
in  head  structure,  sensory  organ  structure,  and  the  presence  or  absence 
of  labral,  mandibular,  maxillary  and  labial  regions.  Because  of  the 
distinctiveness  of  various  taxa  with  rudimentary  mouthparts ,  the  term 
reduced- trophic  is  herein  appropriated  as  a  name. 

Review  of  Literature.  There  are  few  classical  descriptive 
treatments  of  the  head  and  mouthpart  structure  of  reduced- trophic 
species ,  probably  because  of  the  lack  of  sufficient  mouthpart  complexity 
to  warrant  a  description.  The  only  significant  exception  is  Kinzel- 
bach's  (1966)  extensive  account  of  adult  male  strepsipteran  mouthparts. 
The  overwhelming  bulk  of  documentation  for  head  and  mouthpart  structure 
originated  from  extensive  monographic  accounts  of  the  systematics  of 
particular,  often  economically- important  groups.  In  these  accounts  the 
head  and  mouthpart  structure  of  representative  taxa  are  discussed  and 
illustrated,  frequently  in  brief  outline.  This  literature  review  will 
focus  first  on  the  data  sources  for  the  three  major  groups- -adult  male 
coccids,  parasitican  hymenopterans  and  strepsipterans ,  ending  with  a 
treatment  of  the  minor  groups. 
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Several  major  taxonomic  and  morphological  accounts  of  adult  male 
coccoids  were  used  in  the  compilation  of  data  in  this  study.  Bala- 
chowsky's  (1937)  study  of  the  external  structure  of  many  European 
coccoids,  including  the  ortheziid  Orthezia  urticae  Linneaus,  the 
margarodiid  Icerya  purchasi  Maskell,  the  coccid  Eulecanium  tiliae 
(Linneaus) ,  the  diaspidid  Parlatoria  blanchardi  Targioni-Tozetti  and  the 
kerrid  Laccifer  lacca  Kerr  was  a  rich  source  of  data,  as  was  Russell's 
(1941)  revision  of  the  taxonomy  of  the  asterolecaniid  Asterolecanium  sp. 
Ferris'  (1955)  compendium  of  coccoid  morphology  is  a  useful  reference 
for  the  external  structure  of  the  families  Acleridae,  Asterolecaniidae , 
Conchaspididae,  Dactylopidae  and  Kerridae.  Jancke  (1955)  provided  one 
of  the  earliest,  in-depth  studies  of  adult  male  coccoid  morphology  and 
supplied  illustrations  and  discussions  of  external  structure  for  many 
families,  including  the  phenacoleachiid  Phenacoleachia  zelandica 
(Maskell),  the  pseudococcid  Pseudococcus  citri  Risso,  the  coccid 
Physokermes  piceae  (Schrank),  the  kermid  Kermes  quercus  Linneaus,  the 
asterolecaniid  Asterolecanium  ungulatum  Russell  and  the  diaspidid 
Quadraspidotus  pemiciosus  Comstock.  Jancke 's  focus  on  adult  male 
structure  was  followed  by  Theron  (1958)  who  surveyed  the  external 
structure  of  many  forms,  including  the  margarodid  Margarodes  vitium 
Giard,  Pseudococcus  adonidum  (Linneaus),  the  coccid  Eulecanium  taxi 
Habib  and  other  forms.  Lastly,  Giliomee  (1967a)  additionally  has 
documented  male  coccoid  structure  by  adding  the  coccids  Physokermes 
piceae  (Schrank)  and  Coccus  hesperidium  Linneaus  to  the  inventory  of 
available  taxa.  More  focused  studies  on  one  or  two  taxa  include 
Giliomee  (1967b)  for  the  structure  of  the  male  lecaniodiaspidid 
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Lecaniodiaspis  elytropappi  Munting  and  Giliomee,  Giliomee  (1968)  for  a 
similar  study  of  Asterolecanium  sp.,  Beardsley's  (1968)  description  of 
Matsuococcus  bisetosus  Morrison  and  Theron's  (1968)  account  of  the 
apiomorphid  Apiomlorpha  ?pharetrata  (Schraeder) . 

Source  documentation  for  strepsipterans  of  all  life  cycle  classes 
comes  from  Pierce's  (1918)  and  Bohart's  (1946b)  taxonomic  revision  of 
the  Strepsiptera,  with  descriptions  and  illustrations  of  important  life- 
stages  of  then-known  species.  Bohart  (1943,  1946a,  1962)  also  described 
new  species  of  Halictophagus .  Parker  and  Smith  (1933)  provided  a  useful 
description  of  the  mengillid  Eoxenos  laboulbenei  Peyerimhoff.  By  far 
the  most  useful  source  was  Kinzelbach' s  (1966)  extensive  documentation 
of  the  head  and  mouthpart  structure  of  adult  males  from  four  families  of 
strepsipterans . 

Several  major  taxonomic  accounts  are  available  for  the  head  and 
mouthpart  structure  of  larval  parasitican  hymenopterans .  These  include 
Marchal's  (1906)  monograph  on  the  Platygasteridae ,  including  descrip¬ 
tions  of  external  larval  structure,  and  Silvestri's  (1924)  study  of  the 
natural  history  of  oak  parasitoids  such  as  the  bethylid  Parasierola 
gallicola  Kieffer,  which  occurs  endoparasitically  on  an  oak- feeding 
tortricid  caterpillar.  Grandi  (1925)  provided  a  taxonomic  monograph  on 
Indo-Malesian  agaonids,  including  a  description  of  the  larva  of  Blasto- 
phaga  psenes  Linneaus.  The  cynipid  parasitoids  of  dipteran  larvae, 
including  FigiCes  anthomyiarum  (Bouchd)  were  detailed  by  Jones  (1928), 
who  used  a  natural -historical  approach  that  was  also  found  in  Janvier's 
(1933)  extensive  account  of  Chilean  hymenopterans,  including  a  descrip¬ 
tion  of  the  larva  of  the  leucopsid  paras itoid  Leucopsis  hopei  Spinola. 
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Finally,  Clancy's  (1946)  monograph  on  hymenopteran  parasitoids  from 
larvae  of  chrysopid  neuropterans  was  a  valuable  sorce  of  data  for  the 
helorid  Helorus  paradoxius  (Provancher) ,  the  perilampid  Perilampus 
chrysopae  Crawford,  the  eupelmid  Arachnophaga  picea  (Howard) ,  the 
encyrtid  Isodromus  iceryae  Howard  and  the  eulophid  TetrasCichus  chry¬ 
sopae  Crawford.  Shorter  contributions,  focusing  on  the  external 
structure  of  one  or  two  species  include  Haviland  (1921)  for  two  species 
of  the  ceraphronid  Lygocerus ,  Hill  and  Emery  (1937)  for  the  platygaste- 
rid  Platygaster  herricki  Packard,  Jackson  (1961)  for  a  brief  account  of 
the  proctotrupid  Phaenoserphus  viator  Haliday  and  the  mymarid  Anagrus 
incamatus  Haliday,  and  Burks  (1966)  for  the  eurytomid  Axima  zabriskiei 
Howard . 

Head  and  mouthpart  data  for  minor  reduced  trophic  groups -- 
dipterans,  coleopterans  and  lepidopterans- -were  available  from  several 
sources .  For  dipterans ,  the  enigmatic  nymphomyiid  Nymphiomyia  alba 
Tokunaga  was  described  by  Tokunaga  (1932,  1935),  the  larval  hyperoscelid 
Syxmeuron  decipiens  Hutson  was  detailed  by  Mamaev  and  Krivosheina  (1969) 
and  Teskey  (1976) ,  the  gasterophilid  Gasterophilus  intestinalis  DeGeer 
by  Peterson  (1916)  and  Cole  (1969),  and  the  acrocerid  Ogcodes  sp.  by 
Peterson  (1916),  Crampton  (1942)  and  Schlinger  (1981).  The  rhipiphorid 
larvae  of  Macrosiagon  ferrungineum  Fabricius  and  Rhizostylops  inquir- 
endns  Silvestri  were  documented  by  Grandi  (1936,  1937,  1959)  and 
Silvestri  (1905)  respectively.  The  zygaenoid  lepidopterans  Somato- 
brachys  Lnfuscata  Klug  and  Epipomponia  elongata  Jordan  were  described  by 
Jordan  (1916,  1928)  respectively. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


728 

8.10.3.  Nontrophic  Class 
(Class  34) 

Description.  Head  transversely  elongate,  nonproboscate .  Genae 
moderately  to  minimally  developed.  Antennae  setaceous,  rarely  pecti¬ 
nate;  ocelli  absent  or  3;  compound  eyes  expansive.  Mouthparts  hypog- 
nathous,  generally  nonfunctional,  with  asymmetry.  Food  pump  usually 
absent . 

Clypeus  quadrate;  labrum  variously  shaped,  single,  margin  often 
straight  to  curvlinear.  Hypopharynx  absent,  rarely  a  bulbous  reservoir ; 
epipharynx  membranous  or  absent.  Mandibles  absent  or  rarely  present 
(vestigial).  Maxillae  reduced,  lacking  laciniae,  less  commonly  galeae. 
Maxillary  palps  short  to  vestigial,  mostly  functional;  generally  1- 
segmented,  rarely  2-  or  3 -segmented;  stubby  or  brushlike.  Galeae,  when 
present,  generalized  and/or  stubby.  Labium  elongated,  mostly  bearing 
functional  palpi.  Labial  palpi  penicillate  or  squamate;  1-  or  2- 
segmented;  short  to  rarely,  intermediate  in  length.  Glossae  and  para- 
glossae  generally  absent.  Interregional  co-optation  of  mouthpart 
elements  absent. 

Key  Phenocharacters .  The  Nontrophic  Mouthpart  Class  is  charac¬ 
terized  by  presence  of  prominent,  well -developed  sensory  organs,  a 
transversely- oriented  head  capsule  and  nonfunctional,  rudimentary  or 
absent  mouthparts.  The  mandibles,  laciniae,  galeae,  glossae  and 
paraglossae  are  usually  absent  or  rudimentary  and,  if  present,  are 
always  nonfunctional.  This  is  in  stark  contrast  to  large,  expansive 
eyes  and  well -developed,  conspicuous  antennae  of  the  mouthpart  class. 
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This  mouthpart  class  may  be  differentiated  from  adult  ectognath- 
ates  (Section  8.3.4)  and  pectinates  (Section  8.3.11)  by  the  absence  of 
many  mouthpart  elements  and  presence  of  a  transversely- oriented  head 
with  well -developed  antennae  and  eyes.  Nontrophics  are  differentiated 
from  siphonates  (Section  8.6.2),  to  which  members  of  lineages  included 
in  the  Nontrophic  class  belong,  by  absence  or  extreme  reduction  of  the 
galeal  siphon,  laciniae  and  labial  palps.  Although  reduced- trophies 
(Section  8.10.2)  also  possess  a  reduction  of  mouthpart  elements,  it 
differs  from  nontrophics  by  the  presence  of  rudimentary  sensory  organs 
and  complete  absence  of  the  labral,  labial  and  often  maxillary  regions. 
Ironically,  reduced- trophies  are  characterized  by  greater  loss  of  ele¬ 
ments  but  have  members  that  are  able  to  feed,  whereas  nontrophics  have 
apparently  undergone  less  mouthpart  loss  but  are  unable  to  ingest  food. 

Diversity  and  Natural  History.  Many  holometabolous  adults  do  not 
feed  during  the  adult  stage.  For  these  taxa  the  adult  stage  is  effec¬ 
tively  a  reproductive  phase  and  is  frequently  ephemeral  compared  to  the 
longer  duration  of  the  trophic  larval  stage.  Thus  many  holometabolous 
insects  store  sufficient  food  reserves  during  the  larval  stage  that, 
upon  pupation,  the  adult  does  not  require  additional  nutrition  for 
sustaining  a  short,  reproductive  phase  (Brues  1972).  There  are  an 
estimated  5200  nontrophic  species,  representing  19  families  of  ephemero- 
pterans  and  three  families  of  lepidopterans  (Appendix  D) ,  placing 
nontrophics  in  a  rank- order  of  20  out  of  34  mouthpart  classes  (Table  5, 
Fig.  131) .  This  figure  is  undoubtedly  an  underrepresentation  since  many 
adult  lepidopterans  did  not  enter  the  data-set  because  of  the  lack  of 
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source  documentation.  Nontrophics  are  nevertheless  dwarfed  percentage¬ 
wise  in  the  modern  fauna  by  reduced  trophies  (Section  9.10.2)  most  of 
which  are  true  feeders .  No  other  mouthpart  class  has  the  degree  of 
functional  and  structural  mouthpart  convergence  as  nontrophics . 

Although  ephemeropterans  have  probably  undergone  mouthpart  reduction 
once,  holometabolous  forms  have  undergone  a  profusion  of  mouthpart 
reduction  series  in  numerous  lineages.  This  is  borne  out  in  lepido- 
pterans ,  in  which  many  normally  siphonate  families  have  many  unrelated 
genera  with  mouthpart  reduction  and  aphagy  (vide  infra).  Generally,  the 
Kontrophic  Mouthpart  Class  is  insignificant  in  the  food  resource  economy 
of  modern  ecosystems,  almost  by  definition.  It  is  the  only  mouthpart 
class  that  is  not  a  member  of  a  food-resource  guild  (Fig.  128). 

An  examination  of  several  sources  documenting  the  struc¬ 
ture  and  lengths  of  lepidopteran  proboscides  from  various  families 
(Philpott  1927,  Taylor  1957,  Proctor  and  Yeo  1973,  Willemstein  1987) 
reveals  that  at  least  one  and  frequently  many  genera  in  33  families  of 
lepidopterans  bear  nontrophic  siphons  that  are  very  short,  vestigial  or 
rudimentary,  or  absent.  Those  families  with  nontrophic  members  were 
centered  in  the  superfamilies  Eriocranoidea,  Neopseustoidea,  Mnes- 
archaeoidea,  Hepialoidea,  Cossoidea,  Zygaenoidea,  Castnoidea,  Pyra- 
loidea,  Bombycoidea  and  Noctuioidea,  indicating  a  pervasive  occurrence 
throughout  the  order.  Thus  complete  to  near-complete  siphon  reduction 
in  lepidopterans  is  a  commonplace  feature,  occurring  not  only  in 
plesiomorphic  and  often  mandibulate  groups,  but  also  in  apomorphic 
groups  with  nominally  long  and  functioning  galeal  siphons. 
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FIGURE  128.  Overview  of  the  Nontrophic  Mouthpart  Class,  a,  Malacosoma 
neustria  Linneaus  (Lepidoptera:  Lasiocampidae ,  data-set  no.  1199), 
after  Rouchy  (1964);  b,  taxonomic  distribution,  number  of  taxa  exa¬ 
mined  and  geochronologic  range;  c,  functional -feeding- groups ;  d, 
dietary  spectrum.  ' 
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There  are  three  types  of  mouthpart  modification  in  nonsiphonate 
lepidopterans .  Forms  with  vestigial  galeae  may  lack  a  mouth  and  have  an 
incomplete  digestive  tract  and  thus  do  not  feed  (Richards  and  Davies 
1977,  Faegri  and  van  der  Pijl  1980).  Others  have  a  functional  mouth, 
digestive  tract  and  anus,  but  use  a  flimsy,  rudimentary  "siphon"  as  an 
abbreviated  sucking  or  possibly  sponging  organ  (Willemstein  1987)  for 
limited  fluid- feeding.  Still  others  are  mandibulate  forms  that  have 
lost  most  or  all  of  a  galeal  siphon,  but  have  retained  mandibles  that 
function  in  chewing  food.  Many  accounts  of  the  trophic  habits  of  short- 
siphoned  or  rudimentary- siphoned  lepidopterans  are  either  equivocal, 
indicating  only  possible  or  facultative  feeding  on  a  particular  host 
plant  or  plants,  or  they  indicate  no  known  plant  hosts  (Proctor  and  Yeo 
1973,  Faegri  and  van  der  Pijl  1980,  Willemstein  1987). 

Apparently  all  recent  ephemeropterans  do  not  feed  and  they  house 
vestigial  mouthparts  that  are  generally  expressed  as  unsclerified, 
structurally  inconstant,  flimsy  appendages  (Sternfeld  1907,  Murphy 
1922) .  Mouthpart  degeneration  commences  during  the  late  nymph  stage  and 
is  concluded  by  the  time  of  subimago  emergence.  There  is  no  known 
record  of  feeding  in  any  Recent  adult  ephemeropteran. 

Structural  Themes.  Two  structural  themes  within  the  Nontrophic 
Mouthpart  Class  are  evident  in  Fig.  129.  The  first  theme  is  Subcluster 
1  (bracketed  by  data-set  taxa  37  to  917  in  Fig.  129)  and  consists  of  two 
adult  ephemeropterans  and  anomalously  an  adult  dolichopodid  dipteran. 
Inclusion  of  a  dipteran  is  based  on  the  absence  of  several  mouthpart 
elements ,  including  mandibles ,  galeae ,  laciniae ,  glossae  and 
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FIGURE  129.  Cluster  analysis  dendrogram  of  taxa  comprising  the 

Nontrophic  Mouthpart  Class.  See  Fig.  28  for  relationships  of  this 
mouthpart  class  to  other  mouthpart  classes. 
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paraglossae.  However  the  labial  palps  that  are  normally  fused  into  a 
fleshy,  sponging  labellum  in  most  adult  dipterans  are  modified  into 
functioning  mandible-like  structures  (Aldrich  1922,  Snodgrass  1922, 
Robinson  and  Vockeroth  1981)  in  which  each  labellar  lobe  is  distally 
sclerotized  into  a  hardened  tooth  that  is  movable  at  the  base  (Cregan 
1941) .  This  unusual  condition  for  nominally  labellate  adult  dipterans , 
has  been  scored  as  "mandibulate"  for  Melanderia  mandibulata  Aldrich, 
even  though  other  character- states  have  placed  it  into  the  nontrophic 
class.  Although  formally  included  in  the  nontrophic  class,  M.  mandibu¬ 
lata  is  a  typical  feeding  adult  dipteran  and  cannot  be  considered  as 
nontrophic  with  nonfunctional  mouthparts  in  the  sense  of  an  adult 
ephemeropteran  or  lepidopteran. 

The  second  theme  within  the  nontrophic  cluster  are  adult  hepialoid 
and  bombycoid  lepidopterans  (Subcluster  2,  taxa  1106  to  1202)  that  lack 
functioning  mouthparts  and  possess  mouthpart  elements  that  assume  the 
appearance  of  basally  nonarticulating,  poorly- sclerotized  and  structur¬ 
ally  variable  flaps.  These  taxa  have  nonsiphonate  galeae  that  are  often 
a  pair  of  inconspicuous  processes  or  less  commonly  recognizable  lobate 
appendages.  This  phenomenon  of  siphonal  reduction  is  probably  quite 
common  in  all  major  groups  of  lepidopterans  (see  section  on  "Diversity 
and  Natural  History"  above) .  Unlike  the  ephemeropterans  of  the  Subclus¬ 
ter  1,  lepidopterans  of  Subcluster  2  lack  mandibles,  laciniae,  glossae 
and  paraglossae. 

Geochronologic  History.  The  geochronologic  history  of  the  Non¬ 
trophic  Mouthpart  Class  is  generally  poor,  although  it  is  better  for 
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ephemeropterans  than  for  lepidopterans .  For  ephemeropterans ,  there  is  a 
grouping  of  fossil  occurrences  during  the  Permian,  a  hiatus  during  the 
Triassic  and  a  second,  larger  grouping  from  the  Jurassic  to  the  Recent 
(Fig.  130).  Adults  of  Permian  clades  of  ephemeropterans- -the  Triploso- 
biodea  and  Protereismatoidea  (Chernova  1980) ,  perhaps  subordinally 
distinct  within  the  Ephemeroptera- -bore  functional,  mandibulate  mouth- 
parts  and  were  feeders  as  adults  (KukalovA-Peck  1985) .  Evidence  for 
this  comes  from  well-preserved  head  and  mouthpart  structures  from 
Misthodotes  zalesskyi  Chernova  1965  and  M.  sharovi  Chernova  1965  of  the 
family  Misthototidae  from  Lower  Permian  deposits  of  the  USSR  [89] 
(Chernova  1965,  1970;  KukalovA-Peck  1985)  and  from  Protereisma  permianum 
Sellards  1907  of  the  family  Protereismatidae  from  the  Lower  Permian  [90] 
of  Kansas  (Tillyard  1932) .  Although  these  Paleozoic  ephemeropterans 
were  ancestral  to  all  Recent  Ephemeroptera  (Chernova  1980) ,  they  were 
considerably  larger  in  body  size  than  modern  species  and  probably 
required  food  to  remain  viable  as  adults .  As  a  result  inferences 
regarding  nontrophic  ephemeropteran  mouthparts  based  on  Recent  species 
extend  to  the  Jurassic,  during  which  all  modern  superfamilies  and  one 
extinct  superfamily  originated  (Fig.  130).  The  overall  Jurassic  to 
Tertiary  fossil  record  of  the  Ephemeroptera  consists  of  nine  super¬ 
families,  ranging  from  the  Siphlonuroidea  which  is  abundantly  represent¬ 
ed  to  the  Caenoidea  which  lacks  fossil  documentation.  Other  ephemero¬ 
pteran  superfamilies  have  fossil  record  documentation  lying  between 
these  two  extremes . 
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FIGURE  130 .  Geochronologic  History  of  the  Nontrophic  Mouthpart  Class . 
See  Appendix  F  for  taxa,  localities  and  references  corresponding  to 
each  fossil  occurrence.  The  phylograms  are  after  Kristensen  (1978) 
for  Hepialoidea  and  Scott  (1986)  and  Kozlov  (1988b)  for  Sphingoidea  + 
Bombycoidea.  (The  Bombycoidea  includes  the  families  Saturniidae  and 
Lasiocampidae. )  The  levels  of  analyses  are  the  family  for  Hepia¬ 
loidea  and  the  superfamily  for  Sphingoidea  +  Bombycoidea.  The  out¬ 
groups  are  Mnesarchaeidae  and  Sphingoidea.  For  the  geochronology  of 
nontrophic  members  of  the  Ephemeroptera,  see  the  cluster  bracketed  by 
the  superfamilies  Ephemeroidea  to  Caenoidea  in  Fig.  58.  These  fossil 
occurrences  are  not  necessarily  a  complete  inventory  of  all  docu¬ 
mented  fossil  members  of  this  mouthpart  class. 
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The  geochronologic  history  of  nontrophic  lepidopterans  is  based 
largely  on  sister-group  relationships  of  modern  taxa,  several  Tertiary 
occurrences  and  a  possible  Late  Cretaceous  fossil  occurrence.  The  only 
nontrophic  families  indicated  by  the  data  base  are  the  Hepialidae, 
Lasiocampidae  and  Saturniidae,  although  many  others  are  suspected  (vide 
supra).  The  fossil  record  for  these  families  is  poor.  Hepialids  are 
recorded  from  the  Lower  Eocene  of  France  as  leaf-mines  [27]  (Piton 
1940),  from  the  Upper  Eocene  of  New  Zealand  [21]  (Harris  1984)  and  the 
Late  Eocene/Early  Oligocene  of  Great  Britain  [18]  (Jarzembowski  1980); 
other  hepialoid  families  lack  fossil  records.  The  sister-group  to  the 
Hepialoidea,  the  Mnesarchaeoidea  (Kristensen  1984),  may  have  a  fossil 
occurrence  in  Late  Cretaceous  Siberian  amber  [37]  (Skalski  1979b). 
Lasiocampids  lack  a  fossil  record  whereas  saturniids  have  two  fossil 
occurrences- -one  from  the  Early  Oligocene  of  Colorado  [15]  (Cockerell 
1922)  and  the  other  from  the  Pleistocene  of  Finland  (Koponen  and 
Nukorteva  1973) .  Lasiocampids  and  saturniids  are  members  of  the 
superfamily  Bombycoidea,  whose  probable  sister-group,  the  Sphingoidea, 
has  an  earliest  fossil  occurrence  from  a  caterpillar  of  the  Early 
Miocene  of  Germany  [7]  (Zeuner  1931).  ^.These  fossil  data  are  coarse¬ 
grained  and  are  only  modestly  useful  in  assessing  the  timing  of  origin 
of  the  Hepialidae,  Lasiocampidae  and  Saturniidae.  However  they  are 
consistent  with  suggestions  by  Kristensen  (1978),  Scott  (1986)  and 
Kozlov  (1988)  who  indicate  a  Late  Cretaceous  origin  for  these  groups. 

Previous  Designations .  The  apparent  absence  of  feeding  during  the 
adult  stage  among  several  insect  groups ,  especially  ephemeropterans , 
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lepidopterans ,  hymenopterans ,  dipterans  and  coleopterans  has  been 
recognized  for  some  time  (Brues  1972)  and  has  been  directly  associated 
with  mouthpart  reduction.  Denis  and  Bitsch  (1973:  41)  commented  on  four 
major  modifications  of  insect  mouthparts,  one  of  which  they  termed 
"reduction  pieces  buccales"  (Table  6) .  This  theme  was  later  discussed 
by  Chaudonneret  (1983)  as  a  distinctive  mouthpart  class.  Both  Proctor 
and  Yeo  (1973)  and  Faegri  and  van  der  Pijl  (1980)  noted  that  members  of 
many  lineages  that  are  active  pollinivores  and  nectarivores  of  flowers 
also  have  members  that  do  not  feed.  Thus  the  phenomenon  of  mouthpart 
reduction  and  associated  aphagia  has  been  documented,  although  general¬ 
izations  have  been  on  a  lineage -by- lineage  basis. 

Reference  to  a  nontrophic  mouthpart  class  summarizes  many  of  the 
above  observations .  As  a  discrete  mouthpart  class ,  nontrophics  can  be 
viewed  as  a  solution  for  eliminating  mouthpart  structures  that  are  un¬ 
necessary  for  short-lived  adult  phases  whose  sole  function  is  reproduc¬ 
tion.  The  term  nontrophic  has  not  been  used  in  this  sense  previously. 

Review  of  Literature.  Documentation  of  nontrophic  mouthparts  has 
been  provided  principally  for  lepidopterans  although  Sternfeld  (1907), 
Murphy  (1922)  and  Needham,  Traver  and  Hsu  (1935)  discussed  and  figured 
rudimentary  mouthparts  for  species  of  the  ephemeropterans  Chloeon, 
Ephemera,  Hexagenia  and  Stenomena.  Mouthpart  rudimentation  in  hepialoid 
lepidopterans  has  been  documented  by  Mosher  (1915),  Philpott  (1927)  and 
Nielson  and  Scoble  (1986).  For  saturniid  lepidopterans  Mosher  (1915), 
Schmitt  (1938) ,  Snodgrass  (1961)  and  Rouchy  (1964)  illustrated  and 
discussed  rudimentary  mouthparts .  A  broader  perspective  that  surveys 
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the  occurrence  of  spihonal  loss  and  abbreviation  in  numerous  families  of 
lepidopterans  can  be  found  in  Philpott  (1927) ,  Taylor  (1957) ,  Proctor 
and  Yeo  (1973)  and  Willemstein  (1987) . 

8.11.  Summary  Statement 

In  this  section  I  will  summarize  the  two  important  consequences  of 
mouthpart  structure  discussed  in  this  chapter.  These  are  (i)  the 
associations  between  mouthpart  class  and  functional -feeding- group  and 
diet  and  (ii)  the  geochronologic  history  of  hexapod  mouthpart  classes. 
Definitions  of  the  mouthpart  classes,  their  key  features  and  other 
aspects  are  summarized  under  each  mouthpart  class  discussion  and  are  not 
reviewed  here. 

The  direct  associations  that  exist  between  mouthpart  class, 
functional -feeding- group  and  diet  have  been  provided  in  those  figures 
providing  an  overview  of  each  mouthpart  class .  These  three  categories 
represent  the  structural,  functional  and  ecological  dimensions  of  a 
single  food-acquisition  system.  In  the  ensuing  discussion,  it  is 
necessary  to  consider  mouthpart  classes  as  structural  entities  com¬ 
prising  physical  elements,  functional-feeding-groups  as  functional 
entities  engaged  in  a  process ,  and  diet  as  an  ecologically- based 
resource  available  for  consumption.  These  three  concepts  are  repre¬ 
sented  in  the  data-set  of  Appendix  C  and  are  explained  in  Appendix  A. 
They  represent  qualitatively  different  kinds  of  data  and  thus  must  be 
considered  individually.  The  structural  basis  of  mouthpart  classes  was 
discussed  in  Section  5.2;  note  that  the  characters  used  are  structural 
in  nature  but  are  chosen  for  their  functional  utility.  The  concept  of  a 
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functional-feeding-group  is  a  categorization  of  how  mouthparts  work; 
thus  a  single  functional -feeding- group  can  occur  in  more  than  one  mouth- 
part  class,  or  a  single  mouthpart  class  may  house  several  functional - 
feeding- groups.  Although  functional -feeding- groups  are  relatively  well- 
constrained  ecologically,  they  are  also  minimally  documented  in  the 
mouthpart  literature.  For  the  purposes  of  this  study  the  concept  of  a 
functional -feeding- group  will  not  be  pursued  further  because  of  insuffi¬ 
cient  documentation  in  the  primary  mouthpart  literature  and  because  one 
of  the  central  goals  of  this  study  is  to  ascertain  the  associations 
between  mouthpart  structure  and  diet. 

Dietary  data  is  the  least  constrained  of  the  three  categories 
since  it  is  dependent  on  generally  anecdotal,  sometimes  unreliable  field 
observations.  For  example,  in  some  instances  it  is  not  clear  whether 
the  diet  ascribed  to  a  particular  hexapod  is  documented  by  direct 
observational  evidence,  such  as  witnessing  an  insect  feed  on  a  particu¬ 
lar  substrate  or  examination  of  gut  contents,  or  whether  it  is  an 
indirect  inference  based  on  the  association  of  an  insect  with  a  particu¬ 
lar  substrate  in  lieu  of  actual  feeding,  or  based  on  laboratory  feeding 
experiments  that  are  not  extrapolatable  to  the  natural  world.  Because 
of  these  uncertainities ,  in  the  ensuing  discussion  I  am  considering  the 
dietary  repertoire  of  each  mouthpart  class  as  an  average  of  all  diets  of 
individual  taxa  in  the  class.  (For  more  detailed  dietary  data,  see  the 
appropriate  figures  in  Sections  8.3  to  8.10.)  These  generalized  diets 
may  be  conceived  as  feeding  trajectories,  some  of  which  possess  consid¬ 
erable  variation  and  others  that  are  highly  stereotyped. 
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Some  apterygotes,  most  paleopterans ,  orthopteroids ,  many  adult 
holometabolans  and  some  larval  holometabolans  bear  mouthpart  classes  of 
the  Mandibulate  Series.  These  mouthpart  classes  are  engaged  in  solid- 
food  feeding  and,  to  a  lesser  extent,  particle -feeding.  Within  solid- 
food  feeding,  the  spectrum  of  diets  consumed  by  each  of  the  13  mouthpart 
classes  is  immense.  Whereas  members  of  the  entognathate ,  monocondylate 
and  mortar-and-pestle  mouthpart  classes  are  largely  detritivores  or 
necrovores  in  litter,  soil  or  under  bark;  raptorial -ectognathates  are 
obligate  predatory  insectivores  in  the  air;  rostrates  are  opportunistic 
insect  necrovores ;  and  rhynchophorates  consume  indurated  substrates  such 
as  seeds,  grain  and  wood.  The  pectinate,  mouthbrush  and  mandibulobrus - 
tiate  mouthpart  classes  are  dominantly  aquatic  filter-feeders,  sieve- 
strainers  or  herbivores.  In  distinct  contrast,  adult- ectognathates , 
larval -ectognathates  and  maxillolabiates  each  have  very  broad,  uncharac- 
terizible  diets  that  collectively  include  all  major  diet  categories. 
Sericterates  have  focused  principally  on  herbivory  by  either  external 
foliage  feeding,  leaf -mining  or  leaf- galling,  or  are  necrovorous  or 
insectivorous  for  those  forms  who  receive  provisioned  food. 

Larvae  of  three  holometabolous  orders- -Planipennia,  Coleoptera  and 
Diptera- -have  independently  acquired  suctorial  tubulate  mandibles  or 
mandible/maxilla  complexes.  This  fluid-feeding  group  consists  of 
members  of  the  fossate- complex,  tubulomandibulate  and  mouthhook  mouth¬ 
part  classes  is  very  strongly  tied  to  carnivory  (principally  insecti- 
vory)  and  to  a  lesser  extent  necrovory  and  herbivory. 

Hemipteroids  and  adults  of  most  holometabolous  groups  are  fluid 
feeders  that  are  associated  with  either  the  stylate-haustellate  series, 
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which  sequesters  integument-bound  biological  fluid,  or  the  labellate, 
siphonate  and  glossate  series,  which  imbibe  exposed  fluids.  Among  the 
former  group,  plant  sap  and  vertebrate  blood  are  the  two  principal  food 
sources.  Nine  mouthpart  classes  exploit  membrane -bound  fluids  by  using 
combinations  of  long,  ensheathed  stylets  that  either  pierce  or  saw  in 
conjunction  with  various  sucking  pumps.  The  dietary  repertoire  of  these 
fluid  feeders  is  eclectic  and  includes  not  only  plant  sap  and  blood  but 
also  nectar,  fungi,  pollen  and  carrion.  Of  these  nine  mouthpart 
classes ,  five  are  either  entirely  or  highly  dominated  by  ectoparasitic 
sanguinivores  on  mammals.  (Fig.  131  depicts  the  percentage  distribution 
of  the  34  extant  mouthpart  classes . ) 

For  mouthpart  classes  of  the  labellate,  siphonate  and  glossate 
series ,  which  overwhelmingly  exploit  fluids  exposed  on  surfaces ,  there 
has  been  a  predominant  association  with  seed  plants .  Materials  consumed 
from  seed  plants  include  exposed  fluids  such  as  sap ,  nectar  and  particu¬ 
late  matter  such  as  spores  and  pollen.  Insect  groups  participating  in 
feeding  on  exposed  surface  fluids  include  a  few  adult  coleopteran 
groups,  nannochoristid  mecopterans,  trichopterans ,  most  adult  dipterans, 
lepidopterans ,  and  vespoid,  sphecoid  and  apoid  hymenopterans .  Many 
adult  holometabolous  insects  have  converged  on  highly  stereotyped  mouth¬ 
part  structures  within  the  labellate,  siphonate  and  glossate  series. 

Exemplifying  the  highest  degree  of  structural  convergence  within  a 
mouthpart  class  has  been  the  independent  origin  of  several  coleopteran 
ectognathous-stylate  groups  that  are  collectively  represented  by  small, 
cryptic  forms  that  feed  principally  on  fungi.  This  dietary  trend  is 
parallelled  by  two  lineages  of  entognathous- sty late  groups,  which  are 
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dominantly  small,  cryptic  fungivores.  (Table  8  lists  examples  of  these 
and  other  taxa  whose  mouthparts  are  atypical  for  their  respective 
taxonomic  group,  and  this  indicates  the  pervasiveness  of  structural 
convergence . ) 

Lastly  many  groups  of  hexapods  have  experienced  mouthpart  reduc¬ 
tion  that  represents  either  aphagy  in  the  adult  stage  (Ephemeroptera, 
Lepidoptera)  or  endoparasitism  in  the  larval  stage  (Strepsiptera, 
Hymenoptera) .  Mouthpart  reduction  transformations  apparently  occurred 
randomly  among  insects  and  lack  any  major  taxonomic  preferences. 

The  geochronological  pattern  of  appearance  of  mouthpart  classes  is 
characterized  by  a  five-phase  pattern.  (For  the  following  discussion, 
Figs .  132  to  134  provide  geochronologic  ranges  for  each  mouthpart 
class.)  First,  the  earliest  known  hexapods  housed  entognathate , 
entognathous-stylate  and  monocondylate  mouthparts  during  the  Lower 
Devonian.  While  the  fossil  record  of  hexapods  is  virtually  nonexistent 
from  the  Middle  Devonian  to  Lower  Carboniferous,  by  earliest  Late 
Carboniferous  time  several  additional,  mostly  mandibulate,  mouthpart 
classes  appeared.  This  second  phase  was  a  varied  suite  of  polyneo- 
pterans  that  possessed  adult -ectognathate,  larval - ectognathate , 
raptorial -ectognathate ,  pectinate  and  probably  mandibulobrustiate 
mouthparts.  Some  of  these  mandibulate  mouthpart  classes  are  associated 
with  filter -feeding  (pectinates  and  mandibulobrustiates)  and  have  their 
earliest  occurrences  during  the  Late  Carboniferous  whereas  wereas  others 
were  solid- food  consumers  of  plant  and  animal  materials.  (An  extinct 
stylate-haustellate  mouthpart  class  that  was  not  analyzed  in  this  study 
was  also  present;  other  nonsurviving  mouthpart  classes  undoubtedly  were 
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DATASET  TAXA  WHOSE  MOUTHPART  CLASS  ASSIGNMENTS  ARE  UNUSUAL  FOR  THEIR  RESPECTIVE 

TAXONOMIC  GROUP 


Mouthpart  Class  Exceptions  to 

Assignment  of  Stereotyped 
Stereotyped  Gmundplanof 

Data -  Mouthpart  Class 

Set  Assignment  for 

Order 

Groundolan* 

Mouthpart  Class* 

NSk  foe  Exception 

References* 

Collembola 

Entognathate 

Neanuramuscorum 

(Neanuridae) 

(10)  Entognathous- 
Stylate 

Schaller  &  Wolter 

1963;  Wolter  1963 

Orthoptera 

Adult- 

Ectognathate 

Coobola  propator 
(Cooloolidae) 

(98)  Ectognathous- 
Stylate 

Rentz  1980,1987 
Stylate 

Mallophaga 

Mortar-and- 

Pestle 

Haematomyzus  elephantis 
(Haematomyzidae) 

(214)  BuccalCone 

Snodgrass  1944,1947; 

Mukerji&Sen-Sarma 

1955 

Neuroptera 

Adult- 

Ectognathate 

Nemoptera  sinuata 
(Nemopteridae) 

(388)  Rostrate 

Crampton1921c, 1923b; 
Withycombe  1923 

Neuroptera 

Adult- 

Ectognathate 

Nemopterella  sp. 
(Nemopteridae) 

(389)  Rostrate 

Acker  1958 

Neuroptera 

Adult- 

Ectognathate 

Palmipenna  aeoloptera 
(Nemopteridae) 

(390)  Glossate 

Picker  1987 

Coleoptera 

Adult- 

Ectognathate 

Sphaerius  politus 
(Sphaeriidae) 

(401)  Ectognathous- 
Stylate 

Stickney  1923; 

Crowson  1981 

Coleoptera 

Adult- 

Ectognathate 

Qinidummexcawm 

(Rhysodidae) 

(403)  Ectognathous- 
Stylate 

Pauly  1915 

Coleoptera 

Adult- 

Ectognathate 

Omoglymmus  americanus 
(Rhysodidae) 

(404)  Ectognathous- 
Stylate 

Pauly  1915;  Stickney 
1923 

Coleoptera 

Larval- 

Ectognathate 

Brychius’sp. 

(Haliplidae) 

(429)  Tubulo- 
mandibulate 

Jaboulet  1960 

Coleoptera 

Larval- 

Ectognathate 

Haliplu?  sp. 

(Haliplidae) 

(430)  Tubulo- 
mandibulate 

Peterson  1951; 

Jaboulet  1960 

Coleoptera 

Larval- 

Ectognathate 

Peltodytes *  sp. 
(Haliplidae) 

(432)  Tubulo- 
mandibuiate 

Peterson  1951; 

Jaboulet  1960 

Coleoptera 

Larval- 

Ectognathate 

Pelobia  tardus * 
(Hygrobiidae) 

(434)  Tubulo- 
mandibulate 

Pauly  1915;  Balfbur- 
Browne  1922 

Coleoptera 

Larval-  . 
Ectognathate 

Cybister  fimbriolatus * 
(Dytiscidae) 

(437)  Tubulo- 
mandbulate 

Peterson  1951;  [De- 
Marzo  1977a,  1979] 

Coleoptera 

Larval- 

Ectognathate 

Dytiscu s*  sp. 

(Dytiscidae) 

(439)  Tubulo- 
mandibulate 

Korschelt  1924; 
Anderson  1936 
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Order 

Mouthpart  Class  Exceptions  to 

Assignment  of  Stereotyped 

Stereotyped  Ground fian  of 

Gmundolan «  Mouthpart  Class* 

Data  Mouthpart  Class 

Set  Assignment  fa 

No.  me  Exception  References * 

Coleoptera 

Larval- 

Ectognathate 

Hyphydms  aubef 
(Dytiscidae) 

(440)  Tubulo- 
mandilxilate 

DeMarzo  1977b 

Coleoptera 

Larval- 

Ectognathate 

Laccophilus  testaceus? 
(Dytiscidae) 

(441)  Tubulo- 
mandibuiate 

Demarzo  1976b,  1978 

Coleoptera 

Larval- 

Ectognathate 

Oreodytes  rivals 
(Dytiscidae) 

(442)  Tubulo- 
mandibulate 

DeMarzo  1976b,  1978 

Coleoptera 

Larval- 

Ectognathate 

Dineutes?  sp. 

(Gyrinidae) 

(444)  Tubulo- 
mandibulate 

Anderson  1936; 
Peterson  1951 

Coleoptera 

Larval* 

Ectognathae 

Orechtochilus  villosu S* 
(Gyrinidae) 

(446)  Tubulo- 
mandibulate 

Noars  1956;  Bitsch 
1966 

Coleoptera 

Adult- 

Ectognathate 

Aculomicruspusio 

(Hydrophilidae) 

(480)  Slphono- 
mandibulate 

Smetana  1975 

Coleoptera 

Larval- 

Ectognathate 

Berosus*  sp. 
(Hydrophilidae) 

(481)  MaxKlolabiate 

Smetana  1975 

Coleoptera 

Adult- 

Ectognathate 

Jentozkusplaumami 

(Eucinetidae) 

(498)  Ectognathous 
Stylate 

Vit  1977 

Coleoptera 

Adult- 

Ectognathate 

Tohldezkus  ponticus 
(Eucinetidae) 

(499)  Ectognathous 
Stylate 

Vit  1977, 1981 

Coleoptera 

Larval- 

Ectognathate 

Chalcophora  virginiensis f 
(Buprestidae) 

(535)  Mouthbiush 

Boving  &  Craighead 
1931;  Peterson  1951 

Coleoptera 

Larval- 

Ectognathate 

Chrysobothris  femorata* 
(Buprestidae) 

(536)  MouttibnBh 

Boving  &  Craighead 
1931;  Peterson  1951 

Coleoptera 

Larval- 

Ectognathate 

Melasis  rufipenntf 
(Eucnemidae) 

(559)  Reduced- 
Trophic 

Boving  &  Craighead 
1931;  [Peterson  1951] 

Coleoptera 

Larval- 

Ectognathate 

Brachyspectra  fulva* 
(Brachyspectridae) 

(561)  Tubulo- 
mandibulate 

Boving  &  Craighead 
1931 

Coleoptera 

Larval- 

Ectognathte 

Calochromis  tarsaliS* 
(Lycidae) 

(562)  Tubulo- 
mandibulate 

Gardner  1946; 

Crowson  1981 

Coleoptera 

Larval- 

Ectognathate 

Calopteron  reticulatum* 
(Lycidae) 

(563)  Tubulo- 
mandibulate 

Boving  &  Craighead 
1931;  [Peterson  1951] 

Coleoptera 

Larval- 

Ectognathate 

Eros  aurora * 

(Lycidae) 

(564)  Tubulo- 
mandibulate 

Verhoeff  1923;[Boving 
&  Craighead  1931] 
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Moufhpart  Class  Exceptions  to 


Order 

Assignment  of 
Stereotyped 
Groundolan * 

Stereotyped 

Gmundplancf 

Mouthoart  Class* 

Data 

Set 

& 

Uouthpart  Class 

Assignments 
ffteapgpffw?  References * 

Coleoptera 

Larval- 

Ectognathate 

Drilius  concoloi * 
(Drilidae) 

(566) 

Tubulo- 

mancfibulate 

Boving  &  Craighead 
1931 

Coleoptera 

Larval- 

Ectognathate 

Phenogodes  laticolli s* 
(Phenogodidae) 

(567) 

Tubulo- 

mandibulate 

Boving  &  Craighead 
1931;  Peterson  1951 

Coleoptera 

Larval- 

Ectognathate 

Lampyris  nocHluca* 
(Lampyridae) 

(569) 

Tubulo- 

mandibulate 

Vogel  1915;  Boving  & 
Craighead  1931 

Coleoptera 

Larval- 

Ectognathate 

Lamprophorus  tenebro- 
sus *  (Lampyridae) 

(570) 

Tubulo- 

mandibulate 

Raj  1943;  Gardner 
1946 

Coleoptera 

Larval- 

Ectognathate 

Lucioladubia* 

(Lampyridae) 

(571) 

Tubulo- 

mandlbulate 

Gardner  1946;  [Arnett 
1963] 

Coleoptera 

Larval- 

Ectognathate 

Photinus  pyralis * 
(Lampyridae) 

(572) 

Tubulo- 

mandibulate 

Boving  &  Craignead 
1931;  [Peterson  1951] 

Coleoptera 

Larval- 

Ectognathate 

Photurus  Pennsylvania 
(Lampyridae) 

(573) 

Tubulo- 

mandibulate 

Boving  &  Craighead 
1931;  Peterson  1951 

Coleoptera 

Larval- 

Ectognathate 

Cantharis  rustic a* 
(Cantharidae) 

(575) 

Tubulo- 

mandibulate 

Boving  &  Craighead 
1931;  Peterson  1951 

Coleoptera 

Adult- 

Ectognathate 

Aculagnathus  mirabilis 
(Cerylonidae) 

(624) 

Ectognathous-  Besuchet  1973;  Sen 
Stylate  Gupta  &  Crowson  1 973 

Coleoptera 

Adult- 

Ectognathate 

Axiocerylon  cavicolle 
(Cerylonidae) 

(625) 

Ectognathous-  Sen  Gupta  &  Crowson 
Stylate  1973 

Coleoptera 

Adult- 

Ectognathate 

Cautomussugerens 

(Cerylonidae) 

(626) 

Ectognathous-  Besuchet  1972;  Dajoz 
Stylate  1976 

Coleoptera 

Adult- 

Ectognathate 

Cerylcautomus  floridensis 
(Cerylonidae) 

(627) 

Ectognathous-  Sen  Gupta  &  Crowson 
Stylate  1973 

Coleoptera 

Adult- 

ECtognathate 

Lapecautomus  dybasi 
(Cerylonidae) 

(629) 

Ectognathous-  Sen  Gupta  &  Crowson 
Stylate  1973 

Coleoptera 

Adult- 

Ectognathate 

Phibthermusbicavis 

(Cerylonidae) 

(631) 

Ectognathous-  Sen  Gupta  &  Crowson 
Stylate  1973;  [Dajoz  1976] 

Coleoptera 

Adult- 

Ectognathate 

HopScnemasaBaei 

(Corylophidae) 

(633) 

Ectognathous-  Pakalukl987 

Stylate 

Coleoptera 

Adult- 

Ectognathate 

Macrosiagon ferrungineum  (653) 
(Rhipiphoridae) 

Siphonate 

[Rivnay  1929];  Grandi 
1926, 1937, 1960 
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Mouthpart  Class  Exceptions  to 

Assignment  of  Stereotyped 
Stereotyped  Gmundplanof 

Data 

Set 

Mouthpart  Class 

Assignments 

Order 

Gmundolan* 

Mouthoart  Class* 

N& 

the  Exception 

References* 

Coleoptera 

Larval- 

Ectognathate 

Macrosiagon  ferrungi- 
neum *  (Rhipiphoridae) 

(654) 

Reduced- 

Trophic 

Grandi  1926,1937, 

1959 

Coleoptera 

Adult- 

Ectognathate 

Rhipiphorus  dimidiates 
(Rhipiphoridae) 

(655) 

Slphono- 

mandlbulate 

Crampton1923a, 

1923b;  Stickney  1923 

Coleoptera 

Larval- 

Ectognathate 

Rhizostyiops  inquirendus?  (656) 
(Rhipiphoridae) 

Reduced- 

Trophic 

Silvestri  1905 

Coleoptera 

Adult- 

Ectognathate 

Leptopalpus  rostratus 
(Meloidae) 

(677) 

Siphono- 

mandttxdate 

Handschin  1929;  Jeanell 
1960;  Grinfel’d  1975 

Coleoptera 

Adult- 

Ectognathate 

Nemognathapiezata 

(Meloidae) 

(679) 

Slphono- 

mandlbulate 

Crampton  1923b; 
Williams  1938 

Mecoptera 

Rostrate 

Nannochorista  dipter- 
oides  (Nannochoristidae) 

(760) 

Labellate 

Crampton  1921a,  b , 
1942;  Tillyard  1935 

Diptera 

Moulhhook 

Symeurondecipiens" 

(Hyperoscelidae) 

(858) 

Reduced- 

Trophic 

Mamaev  &  Krivosheina 
1969;  (Teskey  1976] 

Diptera 

?Hexastylate 

Nymphomyiaaba 

(Nymphomyiidae) 

(873) 

Reduced- 

Trophic 

Tokunaga  1932, 1935 

Diptera 

Monostylate/ 

Distylate 

Ogcodes  costates 
(Acroceridae) 

(897) 

Reduced- 

Trophic 

Peterson  1916;  [Cramp¬ 
ton  1942] 

Diptera 

?Monostylate/ 

Distylate 

Melanderia  mandibulata 
(Dolichopodidae) 

(917) 

Nontrophic 

Aldrich  1922;  Cregan 
1941;  Snodgrass  1922a 

Diptera 

Labellate 

Gasterophilus  intestinalis 
(Gasterophilidae) 

(988) 

Reduced- 

Trophic 

Peterson  1916;  Cole 
1969 

Trichoptera 

MandBxdo- 

brustiate 

Phryganopsyche  latipen- 
ni s*  (Phryganopsychidae) 

(1051) 

Larval- 

Ectognathate 

Wiggins  1959 

Lepidoptera 

Siphonate 

Heterobathmia  pseudo¬ 
crania  (Heterobathmiidaej 

(1088) 

I 

Adult- 

Ectognathate 

Kristensen  &  Nielsen 
1979 

Lepidoptera 

Siphonate 

Micropteryx  calthelia 
(Micropterygidae) 

(1090) 

Adult- 

Ectognathate 

[Busck  &  Boving  1914]; 
1979 

Lepidoptera 

Siphonate 

Mnemonics  auricyanea 
(Micropterygidae) 

(1092) 

Adult- 

Ectognathate 

Busck  &  Boving  1914; 
Crampton  1920b 

Lepidoptera 

Siphonate 

Palaeomicroides  fasda- 
tella  (Micropterygidae) 

(1093) 

Adult- 

Ectognathate 

Issiki  1931 
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Mouthpart  Class  Exceptions  to 


Order 

Assignment  of 

Stereotyped 

Qvuncblan 

Stereotyped 
Gmundplanof 
Mouthpart  Class* 

Data¬ 

Set 

& 

Mouthpart  Class 

Assignment  for 

the  Exception  References* 

Lepidoptera 

Slphonate 

Sabatinca  auruncella 
(Micropterygidae) 

(1094) 

Adult- 

Ectognathate 

Genthe  1898;  Tillyard 
1923;  [Issiki  1931] 

Lepidoptera 

Slphonate 

Agathiphaga  vitiensis 
(Agathiphagidae) 

(1096) 

Adult- 

Ectognathate 

Dumbleton  1952; 
Kristensen  1984b 

Lepidoptera 

Slphonate 

Afrotheora  thermodes 
(Hepialidae 

(1106) 

Nontrophlc 

Nielsen  &  Scroble  1896. 

Lepidoptera 

Slphonate 

Hepialus  sp. 

(Hepialidae) 

(1107) 

Nontrophic 

Kellogg  1895;  Philpott 
1927 

Lepidoptera 

Slphonate 

(Hepialidae) 

Stenopis  thule 

(1109) 

Nontrophlc 

Mosher  1915 

Lepidoptera 

Slphonate 

Phyllocnistis  suffusella 
(Phyllocnistidae) 

(1123) 

Mouthbrush 

Jayewickreme  1940; 
Grandi  1949 

Lepidoptera 

Slphonate 

Gracillaria  stigmatella * 
(Gracillariidae) 

(1124) 

Mouthbiush 

[DeGryse  1915];  Grandi 
1959;  [MacKay  1972] 

Lepidoptera 

Slphonate 

Somatobrachys  infuscata  (1156) 
(Somabrachyidae) 

Reduced- 

Trophic 

Jordan  1916 

Lepidoptera 

Slphonate 

Epipomponia  elongata 
(Epipyropidae) 

(1158) 

Reduced- 

Trophic 

Jordan  1928 

Lepidoptera 

Slphonate 

Malacosomaneustria 

(Lasiocampidae) 

(1199) 

Nontrophlc 

[Schmitt  1938];  Rouchy 
1964 

Lepidoptera 

Slphonate 

Dryocamparubicunda 

(Saturniidae) 

(1202) 

Nontrophlc 

Mosher  1915 

Lepidoptera 

Slphonate 

Calyptra  eustrigata 
(Noctuidae) 

(1219) 

Siphono- 

stylate 

Banziger  1970, 1971; 
Smith  1985 

Lepidoptera 

Slphonate 

Othreis  materna 
(Noctuidae) 

(1223) 

Stphono- 

stylate 

[Darwin  1875];  Srivas- 
tava  &  Bogawat  1969 

Hymenoptera 

Maxillolabiate 

Ceratosolen  aculeatus 
(Torymidae) 

(1281) 

Glossate 

Grandi  [1935],  1939 

Hymenoptera 

HaxDlotaUate 

Fedschenkiagrossa 

(Sapygidae) 

(1306) 

Gkssate 

DeSaussure  1880; 
Brothers  1975 
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Notes 

‘Stereotyped  mouthpart  class  assignments  of  larger  taxonomic  groupings  to  which  the  exceptions  belong  are 
determined  by  presence  of  a  dominant  mouthpart  class  as  a  theme,  and  is  evaluated  mostly  at  the  ordinal  level 
and  less  commonly  at  the  subordinal  to  familial  level.  Taxa  with  asterisks  are  subadult  forms.  The  reference 
citation  format  follows  that  of  Appendix  B:  unbrackeded  references  apply  to  the  species  indicated  and 
bracketed  references  apply  to  congeneric  species.  See  Appendix  B  for  additional  documentation. 
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FIGURE  132.  Geochronologic  distribution  of  mouthpart  classes  of  the 
Mandibulate  Series .  The  solid  pattern  indicates  direct  evidence  from 
fossil  occurrences,  including  larvae  of  taxa  from  adult-stage  mouth- 
part  classes,  and  vice-versa.  The  dotted  pattern  indicates  indirect 
evidence  for  the  inferred  presence  of  a  mouthpart  class  by  the  occur¬ 
rence  of  relevant,  fossil  sister-group  taxa.  The  slashed  pattern 
indicates  more  remote  indirect  evidence  such  as  trace -fossils  and 
fossil  forms  whose  constituent  higher  taxa  were  not  analyzed  in  this 
study.  The  geochronologic  scale  is  from  Harland  et  al.  (1982). 
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present.)  After  the  probable  origin  of  hemipteroids  and  holometabolans 
during  the  Late  Carboniferous  the  third  phase  commenced  during  the  Early 
Permian,  when  there  was  a  proliferation  of  new  mouthpart  classes.  These 
groups  evolved  predominantly  plant-feeding  mortar-and-pestle,  mouthcone 
and  segmented-beak  mouthparts  among  hemipteroids  and  rostrate,  hausto- 
riate,  fossate- complex,  sericterate  and  nontrophic  mouthpart  classes 
among  holometabolans.  Nontrophic  mouthparts  were  a  consequence  of  the 
larva  becoming  the  exclusive  feeding  stage  in  several  holometabolous 
groups . 

During  the  Late  Triassic  to  Early  Jurassic,  several  stylate- 
haustellate  groups  had  evolved,  corresponding  to  the  fourth  phase  of 
mouthpart  evolution.  This  phase  is  associated  with  an  adaptive  radia¬ 
tion  of  dipterans  and  siphonapterans  that  bore  stylate-haustellate 
monostylate/distylate ,  distylate/tetrastylate ,  hexastylate  and  tristy- 
late  mouthparts  that  exploited  tissue-bound  fluids,  as  well  as  sponging 
labellate  mouthparts.  The  taxonomically  associated  larval  groups 
associated  with  this  radiation  bore  filter-feeding  mouthbrush  and  fluid¬ 
feeding  mouthhook  mouthparts.  The  fifth  major  phase  in  hexapod  mouth¬ 
part  innovation  occurred  during  the  Late  Jurassic  to  Early  Cretaceous, 
when  groups  closely  associated  with  seed  (but  not  necessarily  angio- 
spermous)  plants  appeared,  including  the  durophagous  rhynchophorate  and 
the  exposed  fluid- feeding  siphonate  and  glossate  mouthpart  classes.  The 
penecontemporaneous  origin  of  ectognathous-stylate  mouthparts  occurred 
among  several  groups  of  small  fungivorous  coleopterans ;  maxillolabiate 
mouthparts  appeared  in  several  groups  of  wasp  and  antlike  apocritan 
hymenopterans .  Groups  represented  by  a  relatively  nondiverse  membership 
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or  by  forms  with  poor  fossilization  potential  include  the  nectarivorous 
and  sanguinivorous  siphonomandibulate  and  the  sanguinivorous ,  buccal - 
cone,  tubulostylate  and  siphono sty late  mouthpart  classes  that  are 
ectoparasitic  on  tetrapods.  Based  on  the  mammalian  hosts  of  these 
latter  three  classes,  it  is  conceivable  that  they  originated  during  the 
early  Tertiary.  However  their  sister-groups  occur  during  the  Mesozoic 
and  even  Late  Paleozoic,  and  available  warm-  and  cold-blooded  tetrapod 
hosts  were  available  during  this  interval. 

From  this  brief  historical  sketch,  the  following  broad  geochrono- 
logical  pattern  of  the  appearance  of  mouthpart  structure  is  derived. 

The  earliest  and  most  primitive  hexapod  mouthparts  are  entognathous  and 
are  represented  by  both  mandibulate  and  relatively  advanced  stylate- 
honhaustellate  forms;  adult -ectognathates  are  probably  as  old.  All 
these  classes  are  represented  by  primitively  flightless  insects .  Among 
pterygote  insects  variations  of  the  mandibulate  condition  appeared  in 
both  immature  (nymphal)  and  adult  forms,  with  pronounced  differentiation 
occurring  between  immature  and  adult  life -stages  in  odonatans  and 
ephemeropterans .  The  subsequent  appearance  of  holometaboly  exerted  a 
profound  influence  on  mouthpart  development  of  immature  and  adult  forms , 
with  larval  stages  acquiring  qualitatively  different  modifications  of 
mandibles  and  maxillae  for  active  predation  (fossate-complex,  tubulo- 
mandibulates ,  mouthhooks) ,  becoming  filter-feeders  (mouthbrushes , 
mandibulobrustriates) ,  or  modifying  the  general  ectognathous  condition 
to  specialize  on  external  herbivory  or  leaf-mining  (sericterates) .  The 
adults  of  holometabolans  predominantly  became  fluid  feeders ,  accomplish¬ 
ing  this  transition  as  two  major  trends:  feeding  on  biologically 
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encapsulated  food  (stylate-haustellates)  or  feeding  on  exposed  fluids 
produced  mostly  by  plants  (labellates,  siphonates,  glossates) .  In  the 
modern  flora,  these  fluids  often  consist  of  angiosperm  nectar  and  pollen 
that  can  be  imbibed  as  a  suspension.  However,  some  of  these  middle 
Mesozoic  mouthparts ,  especially  labellates ,  antedate  angiospermy  and  in¬ 
dicate  associations  with  preangiospermous  seed  plants.  (Alternatively, 
but  less  likely,  an  earlier  origin  for  angiosperms  has  been  argued  on 
cladistic  grounds  [Doyle  and  Donoghue  1987].)  Besides  labellates,  the 
same  relationship  exists  for  rhynchophorates ,  which  first  appear  during 
the  Late  Jurassic.  Both  trends  involved  profound  changes  in  mouthpart 
structure  and  pronounced  stereotypy  of  newly  consolidated  mouthpart 
elements,  for  example  the  dipteran  stylate  proboscis  or  labellum,  the 
lepidopteran  siphon  and  the  glossate  tongue.  Within  both  trends,  mouth- 
parts  designed  for  fluid- feeding  became  secondarily  modified  for  sucking 
epidermal  or  subepidermal  fluids  by  various  animal  ectoparasites . 

One  result  of  the  foregoing  pattern  is  that  mouthpart  class 
evolution  is  largely  decoupled  from  family- level  taxonomic  evolution 
(Fig.  135).  When  the  rate  of  family-level  taxonomic  diversification  of 
hexapods  is  compared  to  the  rate  of  structural  diversification  of 
hexapod  mouthpart  classes,  there  is  a  considerable  separation  between 
these  two  trends  during  the  Early  and  Middle  Mesozoic.  Consequently, 
while  taxonomic  diversity  did  not  dramatically  increase  until  the 
Cretaceous  and  Early  Tertiary,  91%  of  all  mouthpart  types  were  in 
existence  by  the  Middle  Jurassic.  Several  factors  mitigate  against 
taphonomic  artifacts  accounting  for  this  relationship:  (i)  the  data  base 
for  the  taxonomic  and  mouthpart  data-sets  is  coincident,  (ii)  the  fossil 
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FIGURE  135.  A  comparison  of  familial  diversity  versus  mouthpart  class 
diversity  for  hexapods  during  the  Phanerozoic.  The  diversity  curve 
is  derived  from  Sepkoski  and  Hulver  (1985)  ,  with  modifications 
(mostly  additions)  by  myself.  The  mouthpart  classes  represent  only 
the  modern  insect  fauna  of  this  study.  The  upper  mouthpart  abundance 
curve  represents  inferred  presence  based  on  sister-group  relation¬ 
ships  ;  the  lower  abundance  curve  indicates  direct  evidence  from 
corroborated  fossil  occurrences  only.  It  is  suggested  that  the  upper 
curve  is  a  more  realistic  measure  of  true  mouthpart  diversity  during 
the  past.  Note  the  disparity  between  the  rate  of  mouthpart  origi¬ 
nation  of  the  modern  insect  fauna  and  the  rate  of  origination  of 
hexapod  families.  Inclusion  of  extinct  mouthpart  classes  of  the 
Paleozoic  would  augment  this  disparity. 
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insect  record  is  better  for  the  Jurassic  than  the  Cretaceous ,  suggesting 
a  bias  favoring  greater  taxonomic  representation  during  the  Jurassic  and 
(iii)  if  extinct  Late  Paleozoic  mouthpart  classes  were  included  in  the 
mouthpart  data-set,  the  disparity  would  be  even  greater.  This  macro - 
evolutionary  pattern  provides  strong  corroboration  for  the  ecological 
saturation  hypothesis,  wherein  within  an  ecosystem,  ecological  roles 
(such  as  mouthpart  classes)  attain  an  early  maximum  and  remain  numeri¬ 
cally  stable  thereafter.  It  does  not  support  the  expanding  resources 
hypothesis,  which  posits  an  increasing  number  of  fundamental  ecological 
roles  during  the  evolutionary  history  of  an  ecosystem. 
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CHAPTER  9 


LIMITATIONS  OF  THE  DATA  AND  RESULTS 
In  a  study  of  this  size,  it  is  important  to  evaluate  all  sources 
of  error,  both  at  the  data- collection  and  at  the  data-analysis  levels. 
In  this  section  the  major  potential  sources  of  error  are  addressed. 

They  include  the  reliability  of  the  source  literature  from  which  the 
morphological  and  structural  data  were  retrieved,  choice  and  appropri¬ 
ateness  of  the  variables  characterizing  the  data  and  taxonomic  repre¬ 
sentation  in  the  data-set. 

9.1.  Reliability  of  Mouthpart -Morphology 
Data  Sources 

In  Section  5.2,  I  have  listed  the  criteria  for  acceptance  of 
mouthpart -morphology  data  from  the  literature.  In  two- thirds  of  the 
taxa  examined,  I  have  used  two  or  more  references  for  evaluating  head 
and  mouthpart  characters;  an  average  of  2.7  references  is  listed  for 
each  taxon  in  Appendix  B.  The  hexapod  mouthpart  and  head  literature 
that  I  consulted  is  sufficiently  vast  that  by  using  alternative  sources 
that  provide  descriptions  of  the  same  taxon,  it  was  possible  to  exclude 
occasional  descriptive  accounts  based  on  archetypes,  generalized 
abstractions,  or  imprecise  renderings  of  structure  (see  Section  6.2). 

In  some  instances  errors  of  morphological  nomenclature  were  promulgated 
from  author  to  author,  but  rarely  were  the  misnamed  structures  detected 
incorrectly  in  drawings  or  in  the  text.  Since  the  mouthpart  structure 
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being  evaluated  is  at  a  coarse-grained  level,  minor  variations  in  shape, 
size  or  structure  of  particular  mouthpart  and  head  elements- -variations 
that  would  be  crucial  for  evolutionary  studies  at  lower  taxonomic 
levels- -are  nevertheless  immaterial  to  this  study.  In  summary,  given 
the  level  of  analysis  of  structure  in  this  study,  the  reliability  of 
mouthpart  data  sources  is  considered  high. 

9.2.  Reliability  of  Characters  Used 

I  have  provided  a  broad  selection  of  obvious  macroscopic  features 
of  the  head  and  mouthparts  that  have  direct  and  indirect  associations 
with  feeding  (see  Chapter  5  for  character-by-character  summaries) .  I 
have  deliberately  kept  the  character-states  of  the  characters  in  a 
multistate  format,  thus  giving  equal  weight  to  all  characters  irres¬ 
pective  of  the  number  of  constituent  character - states .  I  have  attempted 
to  use  only  those  features  of  the  head  and  mouthparts  that  are  func¬ 
tionally  linked  to  process -related  aspects  of  feeding.  Although 
characters  were  initially  selected  to  minimize  inter character  overlap, 
some  of  the  characters  form  correlated  character  complexes  that  may  give 
preferential  weighting  to  particular  character  groups.  This  is  viewed 
as  a  positive  result  of  including  only  those  characters  that  have 
presumably  multidimensional  associations  with  feeding. 

The  issue  of  homology  is  mostly  addressed  by  the  phenetic  nature 
of  this  study,  which  is  concerned  with  how  mouthpart  and  head  structures 
are  deployed  as  characterizable,  nonevolutionary  units,  regardless  of 
the  embryologic  origin  of  those  structures.  This  is  in  contrast  to 
phylogenetic  studies  that  presuppose  an  accurate  recognition  of  homology 
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to  derive  patterns  of  genealogical  descent.  Parenthetically,  given  the 
above  justification,  it  nevertheless  appears  that  there  are  homologous 
character -states  for  virtually  all  of  the  characters  analyzed  in  this 
study  (Snodgrass  1935,  Matsuda  1965). 

9.3.  Taxonomic  and  Morphologic  Representation 
The  taxonomic  representation  of  hexapods  in  the  data-set  is 
limited  by  the  particular  preferences  for  described  hexapod  mouthpart 
structure  in  the  primary  and  secondary  literature .  From  a  survey  of 
Appendix  B,  it  is  clear  that  not  all  insect  groups  were  sampled  evenly 
(Table  4) .  Several  biases  have  determined  which  insect  species  are 
worthy  of  mouthpart  and  head  descriptions.  These  biases  include  (i) 
agriculturally  or  domestically  important  pest  species,  (ii)  commonly 
occurring  species  in  geographic  regions  intensively  sampled  by  ento¬ 
mologists  and  (iii)  species  of  particular  phylogenetic  interest, 
including  "living  fossils"  and  species  structurally  intermediate  between 
two  higher- level  taxa.  Although  I  have  sampled  only  0.15%  of  extant 
insect  diversity  (Tables  4  and  5,  Appendix  D) ,  I  have  nevetheless 
included  representatives  from  70%  of  all  extant  insect  families  (see 
Section  6.1).  I  have  attempted  to  broaden  my  coverage  to  include  a 
diverse  assemblage  of  insects ,  including  a  concerted  attempt  to  include 
members  of  rare  groups  that  bear  mouthpart  elements  unique  within  their 
larger  taxonomic  group .  Given  the  presence  of  unusual  mouthparts  in 
such  diminutive,  inconspicuous  and  rare  hexapodan  groups  as  proturans 
and  various  sty late  coleopterans ,  or  in  larger  sized  forms  such  as  a  few 
genera  of  tropical  nocturnal  moths,  there  probably  exist  mouthpart 
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classes  that  are  undescribed  in  the  literature  and  not  represented  in 
this  study.  Undescribed  groups  probably  occur  as  small,  cryptic  forms 
occurring  in  undersampled  regions  of  the  world,  such  as  small  beetles 
and  flies,  and  possibly  apterygotan  groups;  parasitic  forms  are  espe¬ 
cially  suspect.  Additionally,  if  several  major  insect  groups  of  the 
Late  Paleozoic  were  analyzed  in  this  study,  they  would  undoubtedly  yield 
distinct  mouthpart  types .  These  include  the  unique  stylate-haustellate 
mouthparts  of  four  orders  of  Palaeodictyopteroidea  and  the  mandibulate 
mouthparts  of  the  Protorthopteran  family  Geraridae  (Carpenter  1977, 
KukalovA-Peck  1987). 
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CHAPTER  10 


SUMMARY  AND  CONCLUSIONS 

In  this  section  I  will  first  sumarize  the  salient  results  of  my 
analysis  of  hexapod  mouthpart  structure.  This  will  be  followed  by  brief 
discussions  of  the  importance  of  holometaboly  in  the  evolution  of  major 
mouthpart  design  and  the  ubiquity  of  convergence  within  mouthpart 
classes.  I  will  close  with  a  few  suggestions  for  future  research. 

10.1.  Basic  Patterns  Shown  in  the  Results 

1.  A  phenetic  analysis  of  head  and  mouthpart  structures  of  1365 
hexapod  species,  representing  all  taxonomic  orders  and  70%  of  all 
families,  has  revealed  the  presence  of  34  basic  mouthpart  types,  each 
which  is  characterized  by  a  unique  ensemble  of  structural  features. 

Each  mouthpart  class  is  interpreted  as  comprising  a  singular  solution 
toward  the  consumption  of  a  particular  food  resource.  These  mouthpart 
classes  are  grouped  into  more  inclusive  units,  based  on  functional 
similarities  of  the  included  classes. 

2 .  There  are  moderate  to  strong  associations  between  mouthpart 
class  and  diet  type  of  the  included  taxa.  While  some  classes  have  a 
seemingly  obligate  requirement  of  a  particular  diet  type  (for  example, 
tristylates  and  blood,  siphonates  and  sugary  solutions) ,  others  admit  of 
a  much  broader  range  of  food  (such  as  consumption  by  generalized 
ectognathates  of  virtually  any  nutritionally  rewarding  food  and  many 
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fluid  foods).  In  addition  to  the  mouthpart- type/diet  association,  there 
are  mouthpart- type/functional-feeding-group  associations.  Mouthpart/ 
feeding  group  associations  can  exhibit  one-to-one  correspondences, 
multiple  feeding  groups  per  mouthpart  class,  or  multiple  mouthpart 
classes  per  feeding  group.  This  tripartite  relationship  of  mouthpart 
class,  dietary  spectrum  and  functional -feeding- group  constitutes  the 
three  essential  elements  in  the  immediate  food  acquisition  system  of 
hexapods.  Because  of  these  associations,  mouthpart  type  can  be  consid¬ 
ered  as  a  proxy  for  diet  or  functional -feeding  type  when  the  latter 
categories  are  unknown.  Practical  application  of  these  relationships 
include  the  categorization  of  modern  insect  guilds  by  examining  mouth¬ 
part  structure  from  broad- spectrum  sampling  techniques  (such  as  canopy 
fogging) ,  or  the  macroevolutionary  history  of  insect  partitioning  of 
dietary  resources  by  the  characterization  of  mouthpart  structures  in 
well-preserved  deposits. 

3.  The  geochronological  record  of  the  development  of  hexapod 
mouthpart  complexity  comprises  six  major  steps.  First,  by  Early 
Devonian  times ,  primitive  entognathous  mandibulate  and  specialized 
stylate-nonhaustellate  mouthparts  were  in  existence.  Second,  by  the 
Late  Carboniferous  there  was  an  expansion  of  several  mandibulate 
mouthpart  types  and  the  first  appearance  of  stylate-haustellate  mouth- 
parts  in  winged,  paurometabolous  insects.  Third,  after  the  contraction 
of  swamp  forest  communities  and  the  increasing  aridity  of  the  Permian, 
various  hemipteroid  and  holometabolous  insect  groups  appeared,  replete 
with  distinctive  stylate-haustellate  mouthparts  that  probed  for  shallow- 
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and  deep-seated  fluid  foods.  At  this  time  there  were  modifications  of 
the  typical  mandibulate  groundplan  that  was  co-opted  into  filter- feeding 
and  suctorial -predaceous  mouthparts  among  larvae  and  among  minor  fluid¬ 
feeding  mouthparts  among  adults.  Fourth,  during  the  Late  Triassic  to 
Middle  Jurassic  a  dipteran  radiation  occurred  and  produced  a  prolifera¬ 
tion  of  several  stylate-haustellate  mouthpart  classes  involved  with 
sanguinivory  or  insectivory.  Fifth,  during  the  Late  Jurassic  to  Early 
Cretaceous,  but  predating  angiospermy,  various  highly  stereotyped  fluid- 
and  particle -feeding  mouthpart  types  appeared.  Although  these  mouthpart 
classes  are  currently  coevolved  with  angiosperms ,  their  existence  during 
the  Jurassic  and  earliest  Cretaceous  provides  evidence  for  the  lack  of 
original  coadaptation  with  angiosperm  plants  and  favors  the  hypothesis 
of  subsequent  phyletically  lateral  sequestering  by  angiosperms  of 
mouthpart  types  and  feeding  styles  that  were  already  coadapted  with  pre¬ 
existing  nonflowering  seed  plants.  Also,  there  has  been  a  change  of 
some  stylate-haustellate  groups  to  feeding  on  mammalian  blood  as 
ectoparasites  at  least  during  the  early  Tertiary  and  probably  earlier. 

4.  There  is  good  evidence  for  the  decoupling  of  family- level 
taxonomic  evolution  from  mouthpart  class  structural  evolution  for 
hexapods  during  the  Early  and  Middle  Mesozoic.  This  disparity  between 
rate  of  taxonomic  diversification  of  evolutionary  lineages  (relatively 
low)  and  origination  of  major  feeding  structures  (relatively  high) 
supports  the  ecological  saturation  hypothesis  over  the  expanding 
resources  hypothesis  for  the  modem  insect  fauna. 
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In  the  data  summarized  in  Figs .  131  to  133 ,  there  are  eight  mouth- 
part  classes  that  are  exclusively  or  dominantly  the  immature  stages  of 
insects;  they  comprise  24%  of  the  total.  Of  these,  three  belong  to 
various  aquatic  naiads  or  larvae  (pectinate,  mouthbrush  and  mandibulo- 
brustiate)  and  the  other  five  are  restricted  to  terrestrial  larvae  of 
various  holometabolous  groups .  These  distinctive  mouthpart  types  are 
apparently  a  consequence  of  the  ecological  decoupling  of  the  immature 
from  the  adult  life-stages  in  insects,  even  in  paleopterans ,  which  lack 
a  larval  stage  but  exhibit  dramatic  differences  in  habitat  occupation 
between  aquatic  naiads  and  terrestrial  adults,  and  in  holometabolic 
forms,  which  bear  a  well -differentiated,  active  larva  that  is  separated 
from  the  adult  stage  by  a  resting  stage,  the  pupa. 

The  earliest  evidence  for  holometaboly  in  the  fossil  record  has 
been  various  neuropteroid,  coleopteran  and  mecopteran  fossils,  mostly 
wings,  from  Lower  Permian  deposits  of  North  America  and  Asia  (Rohdendorf 
and  Rasnitsyn  1980,  Wootton  1981,  Carpenter  and  Burnham  1985).  However, 
many  researchers  have  voiced  suspicions  that  holometaboly  must  have 
originated  during  the  Carboniferous  (Carpenter  1953,  Ross  et  al.  1982, 
Whalley  1986)  and  recent  body-  and  trace- fossil  evidence  has  provided 
corroboration  for  these  claims  (KukalovA-Peck  1988,  Labandeira  and  Beall 
1990). 

There  has  also  been  a  corollary  claim,  from  indirect  evidence, 
that  the  larval  stages  of  the  earliest  holometabolans  were  physically 
small  (Carpenter  1953) .  Given  a  spatiotemporal  disjunction  between  the 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


769 


immature  and  adult  stages  and  the  consumption  of  unique  and  probably 
novel  food  resources  by  small  larval  forms ,  the  presence  of  special 
mouthpart  apparati  seems  inescapable.  These  specialized  mouthpart  types 
include  in  the  modern  fauna  mouthparts  as  diverse  as  three  classes 
designed  for  entrapping  suspended  particulate  matter  in  water  (pecti¬ 
nate,  mandibulobrustiate  and  mouthbrush);  one  class  among  leaf -miners 
with  sawblade  or  picklike  mandibles  that  cut  through  leaf  mesophyll 
(sericterate) ;  and  three  classes  characterized  by  tubulate  mandibles  or 
mandible/maxillary  complexes  for  predatory,  piercing-and-sucking 
carnivory  (fossate-complex,  tubulomandibulate ,  mouthhook) .  Thus  the 
spatiotemporal  separation  of  the  immature  from  the  adult  stage  and  the 
accompanying  consequence  of  resource  partitioning  of  qualitatively 
different  foods  resulted  in  a  significant  addition  to  the  roster  of 
mouthpart  classes. 

Because  of  the  lack  of  functional  wings  in  the  immatures,  the  two 
ecologically  distinctive  lifestyles  alluded  to  above  have  been  not  only 
been  produced  but  actively  maintained.  Larval  stages  are  tied  to 
substrata  where  dispersal  is  relatively  unimportant  for  securing  food 
resources  whereas  the  adult  stage  of  the  same  taxa  are  mostly  plant 
herbivores  or  consumers  of  plant  herbivores  in  terrestrial,  seed-plant 
dominated  ecosystems .  For  different  reasons  many  adult  holometabolous 
insects  have  developed  mouthparts  to  handle  the  unique  products  of  these 
terrestrial  ecosystems ,  namely  those  produced  by  seed  plants ,  including 
spores  and  pollen  ( adult - ectognathates ,  siphonates) ,  nectar  (glossates, 
labellates,  siphonates)  and  wood  (rhynchophorates) . 
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10.3.  The  Phenomenon  of  Convergence 

The  incorporation  of  multiple  monophyletic  lineages  within  many 
mouthpart  classes  is  a  major  conclusion  of  this  study.  When  the  34 
mouthpart  classes  are  mapped  onto  phylogenetic  trees  of  members  compris¬ 
ing  each  class,  two  major  patterns  are  evident  (see  phylograms  of 
Section  8) .  Several  mouthpart  classes  are  coincident  with  monophyletic 
groups  (raptorial-ectognathate,  fossate- complex,  tristylate) .  Others 
contain  groups  that  are  taxonomically  disparate  ( adult - ectognathate , 
ectognathous -sty late ,  reduced- trophic) .  (I  have  presented  78  examples 
of  mouthpart  convergence  in  Table  8 . ) 

These  patterns  lend  support  to  the  hypothesis  that  there  are  only 
a  limited  number  (herein  determined  as  34)  of  fundamental  ways  to  pro¬ 
cure  food  among  terrestrial  hexapods.  These  fundamental  ways  apparently 
have  fixed  structural  requirements  on  mouthpart  apparati,  such  that 
unrelated  taxa  often  co-opt  homologous  or  analogous  elements  that  result 
in  mouthparts  that  are  structurally  and  functionally  equivalent. 

A  more  fundamental  question,  however,  is  what  phenomenon  underpins 
this  pervasive  pattern  of  structural  and  functional  convergence.  I 
propose  that  mouthpart  convergence  is  related  to  (i)  the  fundamental 
properties  of  terrestrial  and  freshwater  food,  particularly  its  form 
(solid,  liquid  or  particulate)  and  (ii)  the  distribution  of  this  form 
among  tissue  types  that  are  consumed.  The  first  aspect  is  largely 
responsible  for  the  occurrence  of  mouthpart  series,  particularly 
mandibulate  and  nonmandibulate  mouthparts.  Fluid- feeding ,  a  condition 
derived  from  mandibulate  mouthparts ,  has  in  turn  generated  a  greater 
structural  diversity  in  hexapods  at  the  mouthpart- class  level. 
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10.4.  Mouthpart  Aptation  and  the  Success  of  Insects 

The  success  of  insects  have  historically  been  attributed  to  the 
frequently- cited  features  of  the  presence  of  an  exoskeleton,  flight  and 
developmental  metamorphosis  (see  Chapter  2  for  discussion) .  However 
when  each  of  these  innovations  are  examined  individually,  they  are  not 
unique  to  insects.  Vertebrates,  for  example,  have  evolved  flight  and 
developmental  metamorphosis  in  several  clades;  other  considerably  less 
diverse  terrestrial  arthropods  possess  chitinized  exoskeletons  and  the 
relative  small  size  that  it  confers.  Instead  of  focusing  on  structural 
features  per  se,  an  alternative  tack  is  to  consider  the  single  ecologi¬ 
cal  context  where  insects  are  most  diverse.  Undoubtedly  this  context  is 
the  myriad  plant-feeding  associations  that  have  been  established  between 
(mostly  holometabolous)  insects  and  (mostly  angiospermous)  seed  plants. 

The  combined  species  diversities  of  the  two  most  dominant  terres¬ 
trial  clades- -holometabolous  insects  and  angiosperm  plants- -essentially 
structure  most  present-day  terrestrial  ecosystems.  The  causes  of  this 
inflation  in  diversity  lies  in  the  intricate  and  highly  stereotyped 
modes  that  insects  use  to  partition  food  resources  in  seed  plants  in 
general  and  angiosperms  in  particular.  There  is  not  only  a  general 
sequestering  of  food  resources  by  insects  based  on  various  biologically- 
enclosed  organ  tissues,  but  also  an  accessing  of  surface -exposed 
products  of  some  of  those  tissues  such  as  nectar,  oils,  pollen,  resin 
and  exuding  sap.  The  multitude  of  these  discrete  and  diverse  food 
resources  has  been  collectively  and  near- totally  exploited  by  the  only 
terrestrial  clade  of  animals  that  possess  the  requisite  trophic  struc¬ 
tures  for  its  consumption:  insects.  Requisite  insect  modifications 
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include  the  presence  of  five  major  mouthpart  regions  (clypeus/labrum, 
"pharyngeal"  region,  mandibles,  maxillae,  labium)  most  of  which  bear 
appendicular  lobes  and/or  multisegmented  palps  as  well  as  various  co¬ 
optations  of  elements  within  and  between  regions  for  the  co-ordinated 
procurement,  manipulation,  processing  and  ingestion  of  food.  The 
processing  of  food  can  take  the  form  of  simple  mastication  by  gnathal 
segments,  fluid-pumping  from  stylets,  sponging  from  conjoined  galeae  or 
lapping  by  a  prolonged,  hirsute  glossa.  Whereas  a  limited  number  of 
vertebrates  perform  some  of  these  feeding  strategies  (Owen  1980) ,  they 
are  not  as  successful  as  insects  when  measured  by  the  diversity  of 
subclades  that  can  perform  these  strategies  or  their  pervasiveness  in 
ecosystems  (Armstrong  1979,  Barth  1985). 

A  conclusion  of  this  study  is  that  the  complexity  of  insect  mouth- 
parts,  both  in  terms  of  mouthpart  regions  and  elements  within  mouthpart 
regions,  has  led  to  insect  success.  This  success  became  manifest  when 
seed  plants  in  general  and  angiosperms  in  particular  present  externally- 
exposed  food  resources  that  were  exploited  in  several  fundamentally 
different  ways  by  various  insect  clades  during  the  middle  Mesozoic. 
Vertebrates  have  achieved  a  much  more  limited  repertoire  of  consuming 
some  of  these  same  food  resources  by  modifications  of  a  comparatively 
simple  mouthpart  system  (essentially  a  single  pair  of  dorsoventrally 
positioned  jaws).  It  appears  that  insect  success  is  largely  attribut¬ 
able  to  the  maintenance  of  generalized  mandibulate  clades ,  each  with  the 
primitive  and  complex  complement  of  mouthparts,  and  the  subsequent, 
serial  derivation  in  various  subclades  of  more  modified  structures  for 
consumption  of  "atypical,"  specialized  seed  plant  products.  These  seed 
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plant  products  notably  include  foods  in  fluid  and  particulate  form, 
which  incurs  new  mouthpart  modifications  for  consumption.  Thus  both 
structural  and  taxonomic  diversity  of  holometabolous  insects  has  in¬ 
creased  in  tandem  with  the  rise  of  seed  plant  external  and  internal 
anatomic  complexity.  (See  Fig.  135  for  an  approximation  of  this  pattern 
by  use  of  mouthpart  class  as  a  proxy  for  seed  plant  tissue  type 
complexity . ) 


10.5.  Future  Research 

This  study  is  a  preliminary,  coarse-grained  examination  of  the 
wealth  of  structural  diversity  in  modern  hexapod  mouthparts .  However, 
there  are  two  major  consequences  of  this  study  that  are  relevant  to  the 
study  of  the  origin,  evolution  and  current  diversity  of  hexapod  trophic 
roles.  First  is  the  establishment  of  an  explicit  criterion  for  recogni¬ 
tion  of  feeding  guilds  in  studies  of  Recent  insect  communities.  Since 
Root's  (1967)  formal  definition  of  a  guild  as  a  "group  of  species  that 
exploit  the  same  class  of  resources  in  a  similar  way,"  there  has  been 
considerable  confusion  regarding  application  of  the  term  (Terbough  and 
Robinson  1986,  Hawkins  and  MacMahon  1989),  particularly  in  entomological 
studies,  where  the  term  is  frequently  used  congruently  with  taxonomic 
units  (e.g.  Hajek  and  Dahlsten  1986,  Flamm  et  al.  1989).  However,  it  is 
clear  that  many  insect  feeding  guilds  do  not  each  have  the  same  taxonom¬ 
ic  common  denominator  (Hawkins  and  MacMahon  1989)  and  reference  to  a 
taxonomically  independent  yet  ecologically  relevant  parameter  is  sorely 
needed.  Definition  of  a  guild  in  terms  of  a  particular  mouthpart  class 
and  with  reference  to  a  particular  dietary  resource  may  often  provide  a 
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more  precise  operational  guideline  in  use  of  the  term  "guild"  in 
ecological  entomology. 

Second,  one  of  the  most  perplexing  yet  understudied  aspects  of  the 
macro evolutionary  development  of  hexapods  has  been  their  steady  domi¬ 
nance  of  all  consumer  trophic  roles  in  terrestrial  and  freshwater 
ecosystems .  Virtually  all  studies  investigating  the  origin  and  evolu¬ 
tion  of  hexapodan  dietary  partitioning  of  the  post- Silurian  world  have 
focused  on  biogeographical  and  taxonomic  studies  of  host-plant/insect 
associations  and  the  geochronologic  extension  of  the  derived  patterns 
(e.g.  ZwBlfer  1978,  Mitter  et  al.1988).  An  independent  approach  that 
could  document  the  timing  of  invasion  of  new  food-resource  zones  in  the 
historical  record  is  interpretation  of  hexapod  mouthpart  structure  and 
diet  assignment  in  selected,  well-preserved  Lagerst&tten  deposits. 
Corroborative  evidence  could  be  supplied  by  documentation  of  insect 
damage  on  fossil  plant  material,  characterization  of  insect  gut  con¬ 
tents,  and  examination  of  insect  coprolites.  These  approaches,  used  in 
conjunction  with  each  other,  would  go  far  in  promoting  understanding  of 
how  it  was  that  hexapods,  and  insects  in  particular,  became  the  most 
diverse  organismic  group  of  all  time  consuming  virtually  every  nutri¬ 
tionally-rewarding  food  resource  in  terrestrial  and  freshwater 
ecosystems . 
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APPENDIX  A 


CHARACTER-STATES  FOR  INSECT  HOUTHPART  AND  HEAD  CHARACTERIZATION 

In  hierarchical  order,  character-groups  are  capitalized,  boldfaced  and  in  Rosan  minerals;  characters 
are  nusbered  and  in  boldfaced  type;  and  character-states  are  lettered  and  in  lower-case  type. 

SmCTim  DATA 

I.  HEAD  AND  GENERAL  HOUTHPART-RELATED  STRUCTURES  I6R0UP  II 

1.  Head  Shape  (three-diaensional;  froa  occiput  base  to  rostrus  tip,  including  projecting  aouthparts). 

A.  Head  inconspicuous  and  aarginally  projecting;  partly  retracted  into  thorax. 

S.  Head  transversely-elongated  (e.g.  Odonata,  Strepsiptera,  Lepidoptera). 

C.  Head  quadrate  or  spheroidal  !e.g.  Blattodea,  Drthoptera). 

D.  Head  anteriorly  prolonged;  porrect  (e.g.  Reduviidae,  Hydroaetridae) . 

E.  Head  vertically  prolonged  (e.g.  Trysail's). 

2.  Rostrus  or  proboscis  development  (projection  of  head  or  southparts  beyond  an  epistoaal  suture). 

A.  Absent. 

B.  Rostrus  or  proboscis  short  (length  less  than  two  tises  the  greatest  width). 

C.  Rostrus  or  proboscis  long  (length  between  two  and  eight  tises  the  greatest  width). 

D.  Rostrus  or  proboscis  very  long  (length  greater  than  eight  tiaes  the  greatest  width). 

3.  Benal  region  or  aalar  space,  including  the  aasillary  plate  or  paradypeal  lobe. 

A.  Bena  absent,  inconspicuous,  or  undiagnostic  in  blind  adult  species. 

B.  Sena  prosinent  Gr  well-devEloped. 

C.  Bena  soderately  to  siniaally  developed. 

D.  Gena  expansive;  considerable  separation  of  eyes  fros  southparts  and  convergent  coronally. 

E.  Gena  expanded  dorsoventrally,  surrounding  the  ocelli;  forsing  sost  of  the  cranium  (Holosetabola). 

F.  Sena  pronounced;  part  of  a  cephalopharyngea!  capsule. 

4.  Gula  or  hypostoae  (also  postgenae  or  aalar  space);  separation  of  forasen  sagnus  fro®  labius. 

A.  Gula  absent  or  inconspicuous.  r 

B.  Gula  prosinent  or  well-developed. 

G.  Gula  icderately  to  siniaally  developed. 

D.  Bula  elongated  into  a  pregula  surrounded  by  a  pregena,  or  prolonged  anteriorly  (postgenai. 

E.  Gular  region  not  delisited  by  sutures;  part  of  a  cephalopharyngeal  capsule. 

5.  Lor us,  or  sandibular  plate. 

A.  Lorus  absent  or  inconspicuous. 

B.  torus  prosinent  or  well-developed. 

C.  Lorus  soderately  developed. 
a,  Frontal  and  vertical  region. 

A.  A  coronal  suture  aerging  anteriorly  with  a  elypeal  or  frontoclypeal  suture. 

B.  Hide  and  triangular,  deliaited  by  an  inverted  Y-shaped  epistoaal  suture;  dypeofrontai  fusion. 

C.  Frontal/vertical  region  anteriorly  prolonged  beyond  eyes. 

D.  Frontal /vertical  region  obscure;  part  of  a  cephalopharyngeal  capsule  or  covered  by  tissue. 

E.  Frontal /vertical  region  incised  or  cleft  (calyptrate  Siptera;  adult  Lepidoptera). 

7.  Head  protractability/retractability. 

A.  Head  not  protractable. 

B.  Head  protractable. 
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6.  Feeding-related  eodifications  indirectly  associated  with  the  head  (excluding  aouthparts). 

A.  Modifications  absent. 

B.  Raptorial  or  grasping  prothoracic  legs  (e.g.  Hantidae,  Qdonata,  Mepidae,  Mantispidae) . 

C.  Anterior  prolongation  of  the  prothorax  enveloping  the  posterior  part  of  the  head. 

D.  Presence  of  forcipate  cerci  for  food  capture  (Entotrophi,  Deroaptera). 

E.  Prothoracic  legs  antenna-like  and/or  tactile  (Protura). 

F.  Head  joined  to  thorax,  for sing  a  cephalothorax  (or  cephalotheca  in  pupae). 

8.  Presence  of  backward-directed  ctenidia  (genal  conbs)  or  spines  on  head  aargin. 

K.  Presence  of  pharyngeal  or  esophageal  filtering  organs. 

I.  Presence  of  rows  of  filtering  setae  on  forelegs. 

II.  SENSE  0R6ANS  OF  TIE  HEAD  [6RGUP  Ill 

9.  Antennae. 

A.  Antennae  absent  or  vestigial. 

B.  Antennae  setaceous. 

C.  Antennae  filifora. 

0.  Antennae  aonilifora. 

E.  Antennae  pectinate,  pluaose,  or  brush-like. 

F.  Antennae  serrate. 

6.  Antennae  davate. 

H.  Antennae  capitate. 

I.  Antennae  geniculate. 

J.  Antennae  laaellate  or  flabellate. 

K.  Antennae  sty late. 

L.  Antennae  aristate. 

M.  Antennae  very  short  and  stubby;  papillate  (e.g.  Lepidoptera  larvae). 

H.  Antennae  setigerous  (Psychoda  larva). 

O.  Antennae  palpifora  (larval  Coleopterai. 

P.  Antennae  spathulate  or  sose  aodification  thereof. 

10.  Ocelli,  pseudocelli,  or  steiaata. 

A.  Absent. 

B.  One  in  nuaber. 

C.  Two  in  nuaber. 

D.  Three  in  nusber. 

E.  More  than  three  in  nuaber. 

LI.  Compound  Eyes. 

A.  Absent  or  vestigial  (e.g.  Protura,  soae  Sryllidae  and  C#leoptera). 

B.  Expansive,  not  stalked,  and  often  holoptic  (e.g.  Qdonata,  Hosoptera). 

C.  Stalked  (e.g.  sale  Baetidae,  Diopsidae). 

D.  Hoderately  developed  and  dichoptic  (e.g.  Deroaptera,  Hantodea)  to  disunitive  (e.g.  Coileaboiai. 

E.  Divided  into  separate  units  (e.g.  Syrinidae,  Trialeuridae,  adult  sale  Coccidae). 

III.  6ENERAL  FEATURES  OF  BQUTHPART  APPARATI  [GROUP  III1 

12.  flouthpart  placeaent  on  the  head  capsule. 

A.  Agnathous. 

B.  Prognathous;  facial  aspect  directed  forward  and  oouthparts  directed  forward. 

C.  Hypognathous;  facial  aspect  directed  forward  and  aouthparts  directed  downward. 

D.  Opisthognathous-auchenorrhynchous;  aouthparts  projecting  froa  below  the  neck. 

E.  Opisthognathous-sternorrhynchous;  aouthparts- under  the  venter  of  the  head  and  thorax. 

F.  Entognathous. 
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13.  Houthpart  basic  type. 

A.  Handibulate. 

B.  Stylate-nonhaustellate  (e.g.  Protura,  Hatiatoiyzus,  Cerylonidae). 

C.  Stylate-haustellate  (e.g.  Heteraptera,  neeatocerous  Dipteral. 

D.  Slossate  (e.g.  Hyaenoptera) . 

E.  Siphonate  (e.g.  higher  Lepidoptera,  Heiogeatha). 

F.  Labellate  (e.g.  Mchoptera,  cyclorrhaphous  Dipteral. 

S.  Nontrophic  or  passive  food  assiailation  (e.g.  adult  Epheseroptera;  Strepsiptera) . 

H.  Handibulo-suctorial  (e.g.  larval  Planipennia,  Cantharidae). 

14.  Houthpart  stylet  nuaber. 

A.  Stylets  absent. 

B.  Stylets  one. 

C.  Stylets  tao. 

D.  Stylets  three. 

E.  Stylets  four. 

F.  Stylets  six. 

S.  Stylets  nine. 

H.  Stylets  greater  than  nine;  nuaerous,  ssall  denticles. 

15.  Houthpart  syaaetry. 

A.  Kultielesent  asyaaetry. 

B.  Syaaetrical. 

C.  Single  eleaent  asyaaetry  only  (aostly  aandibles). 

16.  Food  puap. 

A.  Absent. 

B.  Clypeal  or  cibarial  (preoral  and  dilatory;  e.g.  Hoaoptera). 

C.  Pharyngeal  (dilatory;  e.g.  soae  Protura,  Colleabola,  larval  Lepidoptera). 

D.  Esophageal  (postoral  and  dilatory;  e.g.  soae  Protura). 

E.  Labral  and  clypeal  (preoral  and  dilatory,  e.g.  flecoptera). 

F.  Clypeal  and  pharyngeal. 

17.  Protractability/retractability  of  aajor  food-reaching  aouthpart  eleaents. 

A.  Absent. 

B.  Present  (e.g.  Heteroptera,  soae  Diptera,  Lepidoptera). 

IV.  CLYPEAL  RE6I0N  [GROUP  IV] 

18.  Shape  of  entire  clypeal  cooplex,  parallel  to  sagittal  plane,  belca  the  frons,  and  above  the  labrua. 

A.  Clvpeus  absent,  vestigial,  or  indistinguishably  fused  with  frontal  region. 

B.  Clypeus  vertically  elongate;  length/width  less  than  0.5. 

C.  Clypeus  quadrate  or  nearly  so;  length/aidth  betaeen  0.5  and  2.0. 

D.  Clypeus  transversely  elongate;  length/aidth  greater  than  2.0. 

18.  Clypeal  subsegaentation. 

A.  Clypeus  absent  or  vestigial. 

B.  Clypeus  divided  into  one  segaent  only. 

C.  Clypeus  divided  into  tao  segaents;  an  antedypeus  +  postdypeus  or  a  predypeus  +  postdypeus. 

D.  Clypeus  fused  to  the  labrun  (clypeal abrua). 

E.  Clypeus  fused  to  the  frons  (frontodypeus) . 
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V.  LABRAL  REGION  [GROUP  V] 

20.  Shape  of  the  labral  lain  body,  Kith  respect  to  the  sagittal  plane  (excluding  toraae). 

A.  Labrua  absent  or  vestigial. 

B.  Labrua  transversely  elongate;  length/width  greater  than  0.5. 

C.  Labrua  quadrate,  trapezoidal  or  broadly  triangular;  length/width  between  0.50  and  2.0. 

D.  Labrua  vertically  elongate;  length/width  greater  than  2.0  and  less  than  4.0. 

E.  Labrua  vertically  very  elongate;  length/width  greater  than  4.0. 

21.  Labral  subsegaentation. 

A.  Labrua  absent  or  vestigial. 

B.  Labrua  consisting  of  one  segaent  only  (e.g.  neolabrua). 

C.  Labrua  divided  into  two  segaents  (e.g.  neolabrua  +  archilabrua,  or  neolabrua  +  prelabrua). 

B.  Labrua  a  nasale. 

E.  Labrua  part  of  a  clypeolabrua. 

22.  Modification  of  the  distal  labral  aargin. 

A.  Labrua  absent  or  vestigial. 

B.  Kargin  straight  to  shallowly  curvilinear,  a  ventral  convex  or  concave  aargin. 

C.  Kargin  notched  or  otherwise  divided  aedially. 

D.  Kargin  aucronate  and  acuainate. 

E.  Kargin  broadly  triangular  and  acute. 

F.  Kargin  spatulate  or  Ungulate  process. 

5.  Kargin  pectinate  (coarse  setae  or  bristles;  often  a  coab). 

K.  Kargin  a  beak  or  stylet  brace  or  guide  fused  to  a  postlabral  epipharyngeal  process. 

I.  Kargin  spinose. 

1.  Kargin  aeabranous. 

K.  Margin  aperturate  (labral  cone  or  cup). 

L.  Kargin  piliferate. 

H.  Kargin  undulatate  to  serrate. 

M.  Kargin  a  penicillate  (brush). 

23.  Labral  participation  in  a  aultieleient  aouthpart  structure. 

A.  Multieleaent  co-optation  absent. 

B.  Labrua  part  of  a  segsented  haustellua,  foraing  a  brace. 

C.  Labrua  part  of  a  aouthcone,  buccal  cone,  or  labral  cup  (e.g.  Thysanoptera,  soae  Coleoptera). 
B.  Labrua  part  of  a  rostrua. 

E.  Labrua-epipharvnx  part  of  a  fasiculate  or  aodified  fasiculate  haustellua. 

F.  Labrua  is  or  is  part  of  a  labellua. 

6.  Labrua  is  a  stylus  or  stylet-like. 

H.  Labrua  is  a  holding  device  for  a  labial  aask  (e.g.  larval  Odonata). 

I.  Labrua  is  a  guide  for  stylet  aoveaent. 

i.  Labrua  participating  in  a  giossate  proboscis. 

K.  Labrua-epipharynx  coaprising  a  siphon  (Eristalis  larvae). 

L.  Labrua  is  a  support  for  a  aaxillary  siphon  (adult  Lepidoptera). 

K.  Labrua  part  of  a  silk-producing  apparatus  (larval  Lepidoptera). 

VI.  PHARYNGEAL  RE6IQN  [GROUP  VI] 

24.  Food  ingestion  region  size. 

A.  Biaunitive;  an  enclosed  canal  with  active  suction. 

B.  Interaediate;  a  pseudotracheal  systea  with  capillary  action. 

C.  Enlarged;  a  pharyngeal/esophageal  systea. 

B.  Food  ingestion  region  absent. 
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25.  Hypopharynx  type. 

A.  Hypopharynx  absent  or  vestigial. 

8.  Hypopharynx  lingulate  to  spatulate,  a  single  lobe  (e.g.  Odonata,  Blattodea,  Qrthoptera). 

C.  Hypopharynx  bilobed,  or  with  two  lateral  superlingulae  or  bars. 

D.  Hypopharynx  trilobed,  with  a  lingua  (=tongue)  and  two  lateral  superlingulae  (=aaxillulae). 

E.  Hypopharynx  triangular  and  hood-like,  and  acutely  or  acuainately  tapering  (e.g.  sose  Thysanura). 

F.  Hypopharynx  pectinate,  with  1  or  2  rows  of  pectinate  setae  or  teeth  on  superlingulae. 

G.  Hypopharynx  long  and  stylate,  with  a  salivary  syringe  (e.g.  Asilidae,  Anoplura,  Thysanoptera) . 

H.  Hypopharynx  with  a  region  of  dense  hair  or  bristles  (’brush’),  or  a  fiahrate  tongue. 

I.  Hypopharynx  a  labellate  haustellua  anteriorly;  with  a  salivary  duct. 

J.  Hypopharynx  adjoined  to  the  labrui  or  labiut  as  an  inconspicuous  lobe. 

K.  Hypopharynx  a  bilobed  structure  of  lateral  brushes  or  teeth;  associated  with  a  labial  spinneret. 

L.  Hypopharynx  with  superlingulae,  two  lateral  ovoidal  sderites,  and  a  sedial  basal  sitophore. 

M.  Hypopharynx  a  broad,  H-shaped  ranus,  articulating  with  aandibles  and  cephalopharyngeal  skeleton. 

N.  Hypopharynx  a  salivary  syringe  with  a  piston  punp. 

O.  Hypopharynx  a  brace  or  guide  for  aandibular  and  aaxillary  stylets. 

P.  Hypopharynx  a  neabranous  surface. 

Q.  Hypopharynx  a  bulbous  reservoir  of  chitinized  structures  and  terainating  in  an  aperturate  lobe, 
ft.  Hypopharynx  a  sderotized,  solar-like  structure  bearing  teeth. 

26.  Epi pharynx  type. 

A.  Epi pharynx  absent. 

B.  Epipharynx  lingulate  or  spatulate;  fleshy. 

C.  Epipharynx  setate  or  bearing  bristles. 

D.  Epipharynx  stylate;  adjoined  to  the  labrua. 

E.  Epipharynx  aeabranous. 

F.  Epipharynx  haustellate;  fused  to  labrua. 

G.  Epipharynx  denticulate  or  spinose. 

H.  Epipharynx  foraing  the  ventral  part  of  a  food  puap,  with  a  sensory  organ  and  preiabral  gutter. 

I.  Epipharynx  lobate,  bordered  by  setae. 

3,  Epipharynx  aolarifora  (e.g.  a  ’pestle”). 

K.  Epipharynx  penicillate  or  fiabrate. 

L.  Epipharynx  the  ventral  part  of  a  food  puap,  with  a  sensory  organ  and  a  postlabral  beak  brace. 

M.  Epipharynx  bearing  a  pair  of  sderotized  rods  cr  sderites. 

N.  Epipharynx  sulcate,  bordered  by  setae. 

VII.  MANDIBULAR  RE610N  [GROUP  VIII 

27.  Mandibular  articulation. 

A.  Mandibles  absent,  vestigial,  or  diaunitive. 

B.  Articulation  aonocondylic. 

C.  Articulation  dicondylic. 

D.  Articulation  acondylic,  a  lever  systea  for  protraction  and  retraction. 

E.  Articulation  acondylic,  aandibles  attached  directly  to  retractor  susculaturs;  no  lever  systea. 

F.  Mandibles  dicondylic,  condyles  (preartis/postartis!  rotated  noraal  to  aandibular  axis. 
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28.  Handibular  type  (shape  of  body). 

A.  Mandibles  absent,  vestigial,  or  dieunitive. 

B.  Mandibles  tetragonal  and  three-diaensional  in  nesad  or  laterad  profile. 

C.  Mandibles  securifora;  distal ly-expanded. 

D.  Mandibles  quadrangular  and  three-diaensional  in  aesad  or  laterad  profile. 

E.  Mandibles  fused  to  aaxillae. 

F.  Mandibles  aoderately  falcate. 

6.  Mandibles  extreaely  falcate;  cultrifora. 

H.  Mandibles  ensifora;  long  laainate  blades. 

I.  Mandibles  stylate-elongate,  housed  in  a  haustellua  and  relatively  long. 

J.  Mandibles  tubulate  and  falcate,  without  appressed,  articulating  eleaents. 

K.  Mandibles  aciculate;  stilletto-shaped. 

L.  Mandibles  ratchet-shaped,  with  proainent  curved  teeth  and  a  pluaose,  retrally-directed  process. 

M.  Mandibles  laaeilate;  consisting  of  a  flexible,  laaellate  flap. 

N.  Mandibles  excavate;  U-shaped  in  cross  section. 

O.  Mandibles  short  and  hooklike  (e.g.  nontubulate  larval  aouth-hooks);  psittacifora. 

P.  Mandibles  grooved  and  falcate,  with  two  appressed  and  articulating  eleaents. 

Q.  Mandibles  prolonged  to  elongate. 

R.  Mandibles  palaate. 

5.  Mandibles  cupulate. 

2?.  Mandibular  dentition. 

A.  Mandibles  absent,  vestigial  or  diaunitive. 

B.  Mandibles  edentate. 

C.  Dentition  doainated  by  a  aolarifora  region  (e.g.  a  sola). 

D.  Dentition  doainated  by  an  incisifora  region. 

E.  Dentition  doainated  by  both  aolarifora  and  incisifora  regions. 

F.  Dentition  doainated  by  pronounced  pectinate  processes  (e.g.  coarse  setae  and  diatoa  rakes). 

6.  Dentition  chelate;  one  tooth  fixed  and  the  other  aovable. 

H.  Dentition  prosthecate;  doainated  by  a  an  articulating,  fiabrate  sderite. 

I.  Dentition  serrated. 

J.  Dentition  doainated  by  (a)  large,  procuabent  canine (si;  aclar  and  incisor  regions  present. 

K.  Dentition  doainated  by  a  single,  pronounced  canine  (retinaculua  or  lacinia  aobilis)  basally. 

L.  Dentition  with  acuainate  incisor (s)  and  a  proainent  eesial  brush  associated  with  a  solar  region. 

M.  Dentition  psittacifora;  unaolarized  and  with  a  single,  talon-like,  terainal  incisor. 

N.  Dentition  lophodont;  with  several  subparallel,  aolar  ridges. 

O.  Dentition  haaate;  with  barbs,  barbules  or  backwardly-directed  ridges. 

P.  Dentition.with  a  single,  large,  procuabent  canine;  aolar  region  absent. 

30.  Motion  of  aanfobular  ausculation. 

A.  Musculation  absent  or  vestigial. 

B.  Musculation  adduction/abduction  (chewing);  power  stroke  noraal  to  sagittal  plane. 

C.  Musculation  adduction/abduction  (piercing-sucking);  power  stroke  noraal  to  sagittal  plane. 

D.  Musculation  protraction/retraction  (piercing-sucking);  power  stroke  parallel  to  sagittal  plane. 

E.  Musculation  adduction/abduction  (chewing,  piercing-sucking);  power  stroke  vertical  sagittally. 

31.  Handibular  participation  in  a  aultieleaent  aouthpart  structure. 

A.  Participation  lacking. 

B.  Mandibles  are  part  of  a  aandibulo-canaliculate  coaplex  (larvae  of  Neuroptera,  Coleoptera  &  Diptera). 

C.  Mandibles  are  styli  in  a  fasiculate  or  labellate  haustellua. 

D.  Mandibles  are  part  of  a  rostrua;  apicaily  located. 

E.  Mandibles  are  part  of  a  southcone,  buccal  cone,  or  labral  cone. 

F.  Mandibles  are  styli  in  a  nonhaustellate  beak. 

S.  Mandibles  are  styli  in  a  segaented  haustellua. 
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VIII.  MAXILLARY  RE6I0N  [GROUP  VIII] 

32.  General  condition  of  the  stipes  (sderotized  portion). 

A.  Stipes  absent  or  unrecognizable. 

B.  Stipes  equant;  squarose  to  trapezoidal  (length/width  between  0.5  and  2.0). 

C.  Stipes  elongated:  rectangular  to  trapezoidal  (length/width  between  2.0  and  4.0). 

D.  Stipes  considerably  elongated  and  rodlike  (length/width  greater  than  4.0). 

E.  Stipes  fused  to  adjacent  structures  (i.e.  interstipital  fusion  or  stipes/nandible  fusion). 

F.  Stipes  forning  the  aaxillary  plate. 

6.  Stipes  transversely  elongated. 

33.  Maxillary  tain  body  segaentation  (including  aaxillary  sderite  but  excluding  palpifer). 

A.  Main  body  absent,  unrecognizable,  or  covered. 

B.  Main  body  coaprising  one  sderite,  or  cardo  and  stipes  undifferentiated. 

C.  Main  body  coaprising  two  sderites:  undifferentiated  cardo,  and  a  stipes. 

D.  Main  body  coaprising  three  sderites:  paracardo,  eucardo  4  cardo;  or  cardo,  stipes  4  prestipes. 

E.  Main  body  coaprising  four  sderites:  paracardo,  eucardo,  stipes  and  parastipes. 

34.  Maxillary  appendages. 

A.  Appendages  absent. 

B.  Maxilla  bearing  a  galea  only. 

C.  Maxilla  bearing  a  lacinia  only. 

D.  Maxilla  bearing  an  undifferentiated,  conjoined  galea  and  lacinia. 

E.  Maxilla  bearing  a  galea  and  lacinia  only,  each  differentiated. 

F.  Maxilla  bearing  a  palpus  only. 

6.  Maxilla  bearing  a  galea,  a  lacinia,  and  a  palpus. 

H.  Maxilla  bearing  a  fused  galea  and  lacinia  <=aala),  and  a  palpus. 

I.  Maxilla  bearing  a  "nala^a  a  palpus,  and  a  stylet  (e.g.  Thysanoptera) . 

J.  Maxilla  bearing  a  galea  and  a  palpus  only. 

K.  Maxilla  bearing  a  lacinia  and  a  palpus  only. 

35.  Maxillary  palpus  segaentation  (excluding  palpifer  and  including  palpal  cone). 

A.  Maxillary  palpus  absent  or  vestigial. 

B.  Segaentation  one  in  nuaber  (unsegeentedi. 

C.  Segaentation  two  in  nuaber. 

D.  Segaentation  three  in  nuaber. 

E.  Segaentation  four  in  nuaber. 

F.  Segaentation  five  in  nuaber. 

6.  Segaentation  six  or  sore  in  nuaber. 

36.  Maxillary  palpus  type. 

A.  Maxillary  palpus  absent  or  vestigial. 

B.  Maxillary  palpus  sucronate. 

C.  Maxillary  palpus  filifora:  linear  to  aoderately  davate  distally. 

D.  Maxillary  palpus  filifora:  strongly  davate  distally. 

E.  Maxillary  palpus  serrate. 

F.  Maxillary  palpus  pectinate  of  pinnate  or  radiate  setae,  spines,  or  fleshy  projections. 

B.  Maxillary  palpus  bearing  a  region  of  dense  hair  or  bristles  aodified  into  a  brush. 

H.  Maxillary  palpus  with  an  enlarged  aiddle  segaent  (e.g.  Faussus). 

I.  Maxillary  palpus  diaunitive  and  resettling  a  seta,  or  aciculate. 

J.  Maxillary  palpus  stubby  or  papillate. 

K.  Maxillary  palpus  a  tapering,  setate  lobe  appressed  to  the  aala. 
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37.  Maxillary  palpus  aspect  ratio  (excluding  palpifer  and  including  palpal  cone). 

A.  Maxillary  palpus  absent  or  vestigial. 

B.  Maxillary  palpus  long:  length  between  eight  and  sixteen  tiaes  the  average  palp  width. 

C.  Maxillary  palpus  intermediate:  length  between  (our  and  eight  tiies  average  palp  width. 

D.  Maxillary  palpus  short:  length  less  than  four  tiaes  average  palp  width. 

E.  Maxillary  palpus  very  long:  length  greater  than  sixteen  tiaes  average  palp  width. 

38.  Galeal  modifications. 

A.  Salea  absent,  vestigial,  or  covered. 

B.  Salea  generalized  and  unmodified:  a  fleshy  lobe. 

C.  Saleae  conjoined  into  a  lever  for  protraction  of  lacinial  stylets. 

,D.  Salea  stylate,  not  in  a  beak  complex  (e.g.  Protura,  Anoplura).  . 

E.  Saleae  conjoined  and  siphonate  (e.g.  Lepidoptera,  some  Coieoptera). 

F.  Salea  Ungulate  or  spatulate  (a  single  lobe). 

S.  Salea  palpiform;  often  subsegmented. 

K.  Salea  penicillate. 

I.  Salea  pectinate  (a  rake  or  comb). 

J.  Salea  lobate,  with  terminal  sensillae  and  setae  (larval  Lepidoptera). 

K.  Saleae  tubulate  when  apressed;  bladelike  and  aaplexiform  (e.g.  apoid  Hymenoptera). 

L.  Salea  mandibulate;  a  dentate  lobe. 

M.  6alea  vaginate. 

N.  Salea  fused  to  the  lacinia,  bearing  pectinate  bristles  sesially  and  a  raker  distaliy. 

O.  Salea  fused  to  the  lacinia,  lobate  and  generalized. 

P.  Saleae  long  and  cylindrical,  with  terminal  or  longitudinal  setae  or  a  spine. 

9.  Salea  fused  to  the  lacinia,  penicillate  or  fimbrate. 

R.  Salea  part  of  mouthcone  or  oral  cone  wall  (Thysanoptera) . 

S.  Salea  a  lobate  rasp. 

39.  Lacinial  modifications. 

A.  Lacinia  absent,  vestigial,  or  covered. 

B.  Lacinia  generalized  and  unmodified;  mostly  a  fleshy  lobe. 

D.  Lacinia  Ungulate  or  spatulate;  a  single  lobe. 

D.  Lacinia  stylate-acuninate  and  relatively  short  (e.g.  Thysanoptera). 

E.  Lacinia  stylate-acuminate  and  long,  of  one  blade;  rarely  cruminate  (e.g.  Heteropters). 

F.  Lacinia  stylate-acuminate  and  short,  consisting  of  two  blades  (e.g.  Protura). 

6.  Lacinia  fused  to  galea;  a  generalized,  nonsetate  lobe. 

H.  Lacinia  fused  to  galea;  a  penicillate  mala. 

I.  Lacinia  elongate  and  fleshy;  palpiform. 

J.  Lacinia  penicillate  or  fimbrate  (a  brush). 

K.  Lacinia  a  pectinate  comb,  with  aesi ally-directed  setae  or  spines. 

L.  Lacinia  mandible-like  cr  a  dentate  to  denticulate  lobe  (e.g.  capitulus  of  Collesbola). 

M.  Lacinia  a  falcate-shaped,  pectinate  lobe,  with  mesially-directed,  acuminate  spines. 

N.  Lacinia  a  single,  grooved,  falcate  blade. 

O.  Lacinia  straight,  stylate,  and  grooved  (channelled). 

P.  Lacinia  a  single  pronounced  seta  or  spine. 

9.  Lacinia  fused  with  the  galea  and  pectinate,  bearing  spines  or  setae. 

R.  Lacinia  aucronate. 

5.  Lacinia  a  long,  sderotized,  protractile  rod;  the  'maxillary  pick*  of  Psocoptera  and  Mallophaga. 
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40.  Huillary  participation  in  a  nultielenent  aouthpart  structure, 
ft.  Participation  lacking. 

B.  Haxillae  part  of  a  channelled  aandible/naxilla  conplex  (e.g.  larval  Neuroptera,  Cnleoptera). 

C.  Haxillae  part  of  a  labellua  or  labellun-like  conplex. 

D.  Haxillae  part  of  a  rostrun. 

E.  Haxillae  part  of  a  nouthcone,  buccal  cone,  or  labral  cone. 

F.  Haxillae  as  a  stylet  or  stylets  in  a  nonhaustellate  beak. 

6.  Haxillae  as  stylets  in  a  segnented  haustellun. 

H.  Haxillae  as  stylets  in  a  nonsegnented  (fasiculatel  haustellun. 

I.  Haxillae  part  of  a  siphonate  proboscis. 

1.  Haxillae  part  of  a  glossate  proboscis. 

K.  Haxillae  adjoined  to  labiun  as  a  single  unit  (naxillolabial  conplex). 

IX.  LABIAL  RE61QN  [GROUP  III 

41.  6eneral  shape  and  condition  of  labial  nain  body  (subaentun,  aentua  4  preaentua,  ninus  gula  k  ligula). 
ft.  Labiua  absent  or  vestigial. 

B.  Shape  transversely  elongate  (sagittal  length/width  less  than  0.5). 

C.  Shape  equant;  squarose  to  trapezoidal  (sagittal  length/width  between  0.5  and  2.0). 

D.  Shape  elongated;  trapezoidal  to  rectangular  (sagittal  length/width  between  2.0  and  4.0). 

E.  Shape  considerably  elongated;  rod-like  (sagittal  length/width  greater  than  4.0). 

42.  Labial  nain  body  segnentation  (excluding  palpiger). 

A.  Labiun  absent  or  vestigial. 

B.  Labiun  of  one  segnent  only:  basinentun  and  prenentun  undifferentiated. 

C.  Labiun  of  two  segnents:  basinentun  (subaentun  +  eentun)  and  prenentun,  or  subaentun  and  aentun. 

D.  Labiun  of  three  segnents:  subaentun,  aentua  and  prenentun. 

E.  Labiun  the  first  segnent  on  a  nultisegnented  beak. 

43.  Labial  appendages. 

ft.  Appendages  absent  or  vestigial. 

B.  Slossae,  ligula,  or  other  unappendiculate  sderite  only. 

C.  Faraglossae  and  labial  palps  only. 

D.  Slossae  and  labial  palps/labellua  only. 

E.  Labial  palps/labellua  only. 

F.  ft  nedial  terninal  projection  (ligula,  spinneret)  and  labial  palps. 

S.  Slossae,  paraglossae,  and  labial  paips. 

44.  Labial  palpus  segnentation  (excluding  palpiger;  including  palpal  ccnei. 

A.  Labial  palps  absent  or  vestigial. 

B.  Segnentation  one  in  nunber  (unsegaented), 

C.  Segnentation  two  in  nunber. 

D.  Segnentation  three  in  nunber. 

E.  Segnentation  four  or  nore  in  nunber. 
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45.  Labial  palpus  type. 

A.  Labial  palpus  absent  or  vestigial. 

B.  Labial  palpus  aucronate. 

C.  Labial  palpus  clavate. 

D.  Labial  palpus  f ilif ora. 

E.  Labial  palpus  pectinate,  aodified  into  a  coarse  coab  of  setae,  spines  or  fleshy  projections. 

F.  Labial  palpus  penicillate. 

6.  Labial  palpus  chelate,  with  a  single,  distal  raptorial  hook. 

H.  Labial  palpi  foraing  a  tubular  passage  when  conjoined  (e.g.  Apoidea). 

I.  Labial  palpi  tubular,  with  apical  denticles  or  acuainate  (astylate). 

J.  Labial  palpus  papillate  to  stubby. 

K.  Labial  palpi  labellate,  or  foraing  a  siailar  structure;  without  stylate  denticles. 

L.  Labial  palpus  aciculate  or  setate. 

H.  Labial  palpus  chelate,  with  a  aovable  and  an  iasovable  hook  distally. 

N.  Labial  palpus  serrate. 

D.  Labial  palpus  squaaate. 

P.  Labial  palpus  with  an  enlarged  or  ligulate  Biddle  segaent  (e.g.  friccndylia). 

8.  Labial  palpi  are  appressed,  foraing  a  sheath  for  housing  stylets. 

R.  Labial  palpi  labellate,  with  stylate  denticles. 

46.  Blossae  aodifications. 

A.  Glossae  [or  ligulal  absent  or  vestigial. 

B.  Slossae  tor  ligulal  generalized  and  unaodified;  a  broadly-attached,  lingulate  lobe  (fused). 

C.  Glossae  [or  ligulal  lingulate  cr  spatulate;  each  a  single  lobe  (separate). 

D.  Glossae  Cor  ligulal  stylate,  or  glossa  and  paraglDssa  fused  to  fora  a  stylet. 

E.  Glossae  Cor  ligulal  scrobinate  (rasp). 

F.  Glossae  [or  ligulal  aucronate. 

G.  Glossae  tor  ligulal  an  itateraediate-length  to  long,  flabellate  tongue  (e.g.  apoid  Hyaenopterai . 

H.  Glossae  [or  ligulal  setate. 

I.  Glossae  [or  ligulal  two  or  sore  generalized  lobes. 

J.  Glossae  [or  ligulal  fused  to  paraglossae  as  a  generalized  liguia. 

K.  Glossae  [or  liguia)  bearing,  silk  glands  at  their  ductal  openings  (silk  press). 

L.  Glossae  [or  ligulal  penicilkte  (brush). 

H.  Glossae  [or  liguia)  papillate. 

N.  Glossae  [or  ligulal  aciculate  or  bearing  spines. 

C.  Glossae  [or  ligulal  broadly  attached  and  a  platelike  lobe. 

P.  Glossae  Cor  ligulal  participating  in  tarnation  of  an  oral  cone. 

47.  Paraglossae  aodifications. 

A.  Paraglossae  absent  or  vestigial. 

B.  Paraglossae  generalized  and  unanodified;  aostly  a  fleshy  lobe  (fused). 

D.  Paraglossae  lingulate  or  spatulate;  each  a  single  lobe  or  lobes  (separate). 

D.  Paraglossae  pectinate. 

E.  Paraglossae  as  basal  glossal  coverlets. 

F.  Paraglossae  aucronate. 

S.  Paraglossae  foraing  a  long,  flabellate  tongue. 

H.  Paraglossae  fused  with  glossae  as  a  generalized  lingulate  liguia. 

I.  Paraglossae  a  broadly  attached,  platelike  lobe. 

J.  Paraglossae  penicillate. 

K.  Paraglossae  participating  in  foraation  of  an  oral  tube. 
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48.  Labial  palpus  aspect  ratio  (excluding  palpiger;  including  palpal  cone). 

A.  Labial  palpus  absent  or  foraing  a  labial  sheath. 

B.  Length  long:  total  palpus  length  between  8.0  and  16.0  tines  average  palpus  width. 

C.  Length  internediate:  total  palpus  length  between  4.0  and  8.0  tines  average  palpus  width. 

D.  Length  short:  total  palpus  length  less  than  4.0  tines  average  palpus  width;  nonlabellate. 

E.  Length  short:  total  palpus  length  less  than  4.0  tines  average  palpus  width;  labellate. 

F.  Length  very  long:  total  palpus  length  greater  than  16  tines  average  palpus  width. 

49.  Labial  participation  in  a  nultielenent  nouthpart  structure. 

A.  Labial  participation  lacking. 

B.  Labiun  part  of  the  nouthcone,  buccal  cone,  or  labral  cone  (e.g.  Thysanoptera,  sone  Coleoptera). 

C.  Labiun  a  segoented  hausteilua. 

.  D.  Labiun  an  unsegnented  t-fasicul ate)  hausteilua. 

\E.  Labiun  fleshy,  distal ly  expanded,  or  supporting  such  a  structure;  without  stylate  denticles. 
i\.  Labiun  a  raptorial  protrusible  aask  (larval  Odonata  and  Stenus). 

SN-I^biua  part  of  a  gnathal  pouch  (e.g.  Protura,  Anoplurai. 

K.  Labiun  part  of  a  rostrun. 

I.  Labiun  a  guide,  channel,  or  support  for  stylet  aovenent. 

J.  Labiun  a  support  for  a  naxillary  siphon. 

K.  Labiun  a  tubular  support  for  a  glossate  proboscis. 

L.  -Labiun  a  long,  tubular  stylet  with  apical  teeth. 

H.  Labiun  a  silk  gland  conplex  (with  hypopharynx). 

N.  Labiun  adjoined  to  naxilla  as  a  single  unit  (naxillolabial  conplex). 

O.  Labiun  fleshy,  distal ly  expanded,  with  an  arnature  of  nunerous  stylate  denticles. 


DIETARY  DATA 
X.  FEEDING  CLASS 

SO.  Functional  feeding  group. 

A.  Piercing-sucking:  subdernal  tissue  (e.g.  vascular  tissue).  Deep  stylet  penetration. 

B.  Piercing-sucking:  deraal  tissue  (e.g.  epidernis).  Surface  stylet  laceration  and  penetration. 

C.  Rasping-and-sucking. 

D.  Grasping-and-sucking,  biting-and-piercing  (through  a  aandibular  or  aandibular/aaxillarv  canal). 

E.  Chewing  or  cutting. 

F.  Crushing. 

G.  Rasping-and-chewing;  scraping-and-chewing. 

H.  Chewing-and-lapping. 

I.  Lapping  and  squeezing. 

0.  Sponging. 

K.  Siphoning  (nonpiercing), 

L.  Filter-feeding  (coab-sieving  with  suction,  including  silk  net  traps). 

H.  Filter-feeding  (brush-sweeping,  scraping,  or  raking  without  suction). 

N.  indeterainate. 

O.  Punch-and-sucking. 

P.  Grasping/piercing-and-sucking  (south-hooks,  without  a  aandibular  canal). 

9.  Feeding  absent. 

R.  Boring. 

S.  Passive  inflow  or  absorption. 

T.  Chewing  and  sucking. 

U.  Piercing-and-cutting. 
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XI.  DIET  CHARACTERIZATION 


51.  Diet  type  (trophically-based) . 

Herbivory  (live  plant  tissue  only). 

A.  Herbivory  undifferentiated. 

B.  Sranivory. 

C.  Seainivory. 

D.  Florivory. 

E.  Folivory. 

F.  Frugivory. 

6.  Nectarivory  (and  other  surface  exudates,  including  sweat  and  honeydew). 

H.  Pollenivory. 

I.  Phytosuccivory  (sap). 

3.  Radicivory  (including  steas). 

K.  Lignivory. 

i.  Nectarivory  and  pollenivory. 

Fungi vory  (live  fungal  tissue  only). 

L.  Fungivory  undifferentiated. 

M.  Sparivary. 

N.  flycel ivory. 

O.  Sporangivory. 

Carnivory  (live  aniaal  tissue  only) 

P.  Carnivory  undifferentiated. 

6.  Insectivory  (including  arachnids  and  ayriapods). 

R.  Zoosuccivory  (especially  sanguinivory). 

S.  Endoparasitic  (body  tissues). 

T.  Ectoparasitic  (skin,  feathers,  hair,  etc.). 

=.  Soft  invertebrates  (aolluscivory;  principally  snails  and  ttorss). 

Necrovory  (dead  tissue). 

(J.  Necrovory  undifferentiated. 

V.  Necroherbivory  (e.g.  leaf  detritus,  rotting  fruit). 

H.  Necrocarnivory  (e.g.  carrion). 

X.  Stercovory. 

Y.  Necrofungivory. 

Z.  Necrolignivory  (e.g.  rotting  wood,  starch). 

Detr ivory. 

*.  Detrivory  (bacteria,  protists,  yeasts,  algae,  rotifers,  dadocerans,  suspended  food  fraqsents. 
Oanivory. 

&.  Generalized  oanivory  (eclectic  diets  with  coaponents  froe  two  or  aore  organisaic  kingdoas). 
Unique  diets. 

#.  Ceravory  (wax;  e.g.  Galleria,  a  aoth). 

$.  Pilivory  (hair,  wool,  keratin;  e.g.  Mhrenus,  a  deraestid  beetle). 

■t.  Freshwater  sponges  (e.g.  soae  aquatic  larval  Plannipennians). 

Nontrophy. 

X.  Food  is  not  ingested  (e.g.  adult  Bale  Eabioptera,  adult  Epheeoptera  and  aale  Coccoidea!. 

/.  Lianivory  (aud/water  suspension). 

@.  Regurgitated  liquid  (trophallaxis  in  social  insects;  honey,  royal  jelly). 
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52.  Diet  breadth. 

A.  Diet  stenophagous  (food  confined  to  sate  genus). 

B.  Diet  aesophagaus  (food  confined  to  sase  faaily). 

C.  Diet  euryphagous  (food  confined  to  sore  than  one  faeily). 

D.  Diet  breadth  indeterainate. 

E.  Diet  absent. 

53.  Fora  of  the  food. 

A.  Food  absent. 

B.  Food  as  a  fluid. 

C.  Food  as  saall,  suspended  particles  or  organises. 

D.  Food  as  a  solid  (fleshy  or  aost  of  the  itea  is  eaten  as  pieces). 

E.  Food  as  a  fluid/solid  aixture,  or  both  individually. 

F.  Fora  of  the  food  indeterainate. 


UBELS 

XII.  HABITAT  AND  LIFE  PARAMETERS 

54.  General  habitat. 

A.  Habitat  indeterainate. 

B.  Habitat  aquatic  (in  or  on  top  of  the  water). 

C.  Habitat  seaiaquatic,  or  aaphibious  (near  the  water,  or  periodically  subaqueous). 

D.  Habitat  terrestrial;  ground-dwelling. 

E.  Habitat  terrestrial:  associated  with  plants  or  fungi. 

F.  Habitat  terrestrial:  associated  with  aniaals. 

B.  Habitat  fossorial  (subterranean!. 

55.  6rowth  stage. 

A.  Growth  stage  indeterainate. 

B.  Growth  stage  a  naiad  (aquatic  and  heaiaetabolous). 

C.  Growth  stage  a  nyaph  (terrestrial  and  heaiaetabolous). 

B.  Growth  stage  a  larva  (holoaetabolous). 

F.  Growth  stage  an  adult. 

56.  Sex  and  caste. 

A.  Sex  unknown,  undocumented,  or  coabination  of  both  sexes  used  in  the  deteraination. 
8.  Sex  a  feaale,  including  queen,  worker  and  alate  castes. 

C.  Sex  a  aale,  including  king,  worker  and  drone  castes. 

0.  Sex  undifferentiated,  including  soldier  and  nasute  castes. 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


APPENDIX  B 


REFERENCE  LIST  OF  INSECT  TAXA  DESCRIBED  BY  NOUTHPART  MORPHOLOGY  AND  DIETARY  DATA* 


taxon 

PROTURA 

Acerentoaidae 

Acerettoioo  doderoi  Silvestri 


Acereotulus  tiaroetis 


Proentoaidae 

Sinentoaidae 

Eosentoaidae 

Eosentoaoa  traositoriui  Berlese 


COLLENBOLA 
So.  Arthropleona 
Sf.  Hypogastruoidea 
Qnychiuridae 

toychiunis  araatus  Tullberg 
Hypogastruridae 
Sf.  Entoaobryoidea 
Entoaobryidae 

Drcfieseila  ciacta  Linneaus 

Isotaaidae 
fcu'soiia  Candida 
Oncopoduridae 
Toaoceridae 

Toxocerus  iongicornis  (Miller) 


■outhpart  aorphology  data 


Snodgrass  1950;  [Francois  1959, 
19691;  Tuxen  1959,  C19621; 
[Schaller  i  Nolter  19631; 
Richards  6  Davies  1977 

Metcalf  1929;  [Tuxen  19593 


[Craapton  192361;  [Snodgrass 
19503;  Francois  1969;  Saith  1985 


Denis  1928;  Tuxen  1959 


Folsoa  1899;  [Matsuda  19653; 
[Richards  6  Davies  19773 

Soto  1972 


CHoffaan  1905,  1908,  19113; 
[Craapton  1923b 3 ;  [Denis  19283; 
[Snodgrass  19283;  [Schaller  i 
Nolter  19633;  [Nolter  19633; 
Manton  1964,  1977;  [Matsuda  196 


dietary  data  no. 


Stura  1959;  Richards  i  1. 

Davies  1977;  Moore  1988 


Stura  1959;  Richards  i  2. 
Davies  1977 


Stura  1959;  Richards  i 
Davies  1977;  Moore  1988 


Poole  1959  4. 

Fitch  1863;  Poole  1959  5. 
Poole  1959;  Soto  1972  6. 
Poole  1959;  Nolter  1963  7. 


‘Notes:  Taxa  aith  asterisks  are  ieaature  farns.  Brackets  indicate  secondary  data  sources  froa  congeneric 
species  of  the  genus  indicated.  Classification  is  froa  Parker  (1982;  Appendix  D). 


986 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


987 


taxon  nouthpart-norphology  data  dietary  data  no. 

So.  Neoarthropleona 
Brachystonellidae 

5r achystoielia  parxuia  (Schaetfer)  Adans  &  Sal  ton  1972  Adans  Si  Saloon  1972  6. 

Anuridae 

Aaurida  aaritiia  (Guerin)  Folsoo  1900;  Hastord  1913;  HcNanara  1924;  Goiter  1963  9. 

Cranpton  1923b;  Denis  1928; 

Snodgrass  19S0,  1960;  Schaller 
i  Goiter  1963;  Goiter  1963; 

Cassagnau  Si  Juherthie  1967 

Set anuridae 
Neanuridae 

Geanura  luscorun  (Teopletani  Schaller  h  Goiter  1963;  Goiter  Poole  1959,  Goiter  1963  10. 

1963;  Richards  h  Davies  1977 

(Jchidanuridae 
So.  Hetaxypleona 
Poduridae 
Actaletidae 
So.  Syopleona 
Neelidae 
Saithuridae 

Deuterosiithurus  guinguefasciatus  Jeannenot  1956  ieannenat  1956  11. 

(Krausbauer) 


DIPLURA 
So.  Rhabdura 
Sf .  Projapygoidea 
Anajapygidae 
Projapygidae 
SP.  Caipodeoidea 
Pracanpodeidae 


Canpodeidae 

Caipodea  chardardi  Conde 

(Evans  19211;  (Cranpton  1923b! ; 
(Snodgrass  19471;  (Bitsch  19521; 
(Tuxen  19591;  Cflantnn  1964,  19773; 
Francois  1970 

Arnett  1985 

12. 

.  Dicellurata 

i.  Japygoidea 

Japygidae 

Geterojapyx  gailardi 

Snodgrass  192B,  1935,  1950,  1960; 
Richards  Si  Davies  1977 

Kosarot't  1935 

13. 

Japyx  aa jor  (Grass! ) 

(Cranpton  1923bl;  Silvestri 

1933;  (Tuxen  19711;  (Bitsch  Si 
Denis  19731 

KosarotP  1935 

14. 

Parajapygidae 
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taxon 

ARCHAEQ6NATHA 

Hachilidae 

•outhpart-aorphology  data 

dietary  data 

no. 

(fadin' as  sp. 

Cranpton  1921b,  1921c,  1921d, 
1923b;  tEvans  19213;  Snodgrass 
1928,  1932;  Halter  193ta,  1932; 
Ferris  1942;  Chaudonneret  1956; 
Bitsch  1960,  1963;  DuPorte  1962; 
Hanton  1964,  1977;  Tuxen  1971 

Arnett  19B5 

15. 

Petrobia$  brevistylus  Carpenter 

Heinertellidae 

tEvans  19211;  Bitsch  1956; 

Hanton  1977;  Hatsuda  1965; 
Richards  6  Davies  1977 

Hanton  1977 

16. 

KesoiaciiiJus  laoricus  Tillyard 

Snodgrass  192B,  1935,  1950; 
Boodreaux  1979 

Arnett  1985 

17. 

THYSANURA 

Lepidotrichidae 

Tricboiepidon  gertscbi  Hygodzinsky 
Lepisaatidae 

Hygodzinsky  1961 

Hygodzinsky  1961 

18. 

Hodder  1969 

19. 

Acroieisa  coiiaris  (Fabricius) 

Hodder  1969 

Ctnoiepisa  Iongicaudata  Eschscholtz 

tdalker  19321;  [Snodgrass  19501; 
Hanton  1964,  1977 

Arnett  1985 

20. 

itpisti  sp. 

[Borner  19091;  Craapton  1917a, 
1917b;  [Evans  19211;  Snodgrass 
1928;  Ferris  1942;  DuPorte  1946; 
Hatsuda  1965;  Larinck  1970;  Han¬ 
ton  1977 

Hoaard  1905;  Clausen  1940 

21. 

Tbenobia  doiestzca  (Packard) 

[Snodgrass  19283;  (talker  1931a; 
O'Hara  t>  Adaas  1942;  Chaudonneret 
1948,  1950;  Hoars  1961;  Tuxen 

1962;  Boudreaux  1979 

Howard  1905;  Atkins  1978 

22. 

Haindroniidae 

Hicoletiidae 

23. 

Protrineiura  lediierranea  Hendes 

Kendes  1988 

Hendes  1988 

EPHEHERDPTERA 

So.  Schistonota 

Si.  Baetoidea 

Siphlonuridae 

Aieietus  inopinaius*  Eaton 

Hurphy  1922;  Craapton  1928; 

Day  1956;  landa  1969 

diet  undocuaented 

24. 

Siphionurus  iacustris*  (Eaton) 

Spieth  1933;  [Cook  19443; 

Horgan  1913;  Needhaa, 

25. 

Landa  1969;  [Schomann  19311 

Traver  i  Hsu  1935 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Aaetropodidae 

Aietropus  ingilis*  Albarda 

Landa  1909 

Ross  1905 

20. 

Baetidae 

Baetis  rhodani*  Pictet 

SternPeld  1907;  Borner  1909; 

Day  1956;  Broun  1901;  Knars  1901; 
Landa  1909 

Hurphy  1922;  Broun  1901; 

Milne  St  Milne  1960;  Chessaan 
19B0 

27. 

Chloeot  dipteral*  Linneaus 

SternPeld  1907;  Borner  1909; 
CBerlese  19091;  Evans  1921; 

Spieth  1933;  Vassal  1947;  Day 
1950;  Broun  1909;  Landa  1909 

Murphy  1922;  Broun  1901; 
Chessaan  1980 

28. 

Metretopodidae 

flligoneuridae 

MigoneurfeUa  rfteoana*  tlaho-f-f ) 

Landa  1909 

diet  undocuflented 

29. 

isonyc/iia  ignota*  (Walker) 

Landa  1909;  [Braisah  1987a, 

I987bl 

Needhaa,  Traver  St  Hsu  1935 

30. 

Heptageniidae 

Arthropiea  congener*  Bengtsson 

Needhaa,  Traver  0  Hsu  1935; 
Froehlich  1904;  Landa  1909 

Froehlich  1904 

31. 

Ecdyonurus  fteiveticus*  (Eaton) 

Spieth  1933;  Strenger  1954; 

Landa  1909 

Ross  1905 

32. 

Ecdyurus*  sp. 

Hurphy  1922 

Ross  1905 

33. 

fieptagenia  fiava*  Rostock 

[Packard  18981;  [Craapton  1921bl; 

Morgan  1913;  Murphy  1922 

34. 

[epeorus  goyi*  Peters 

Schonaann  1981 

Needhaa,  Traver  4  Hsu  1935 

35. 

Stenoneia  vicariun*  Walker 

Needhaa,  Traver  4  Hsu  1935 

Needhaa,  Traver  St  Hsu  1935 

30. 

Stenoneia  n'cariui  Halter 

Needhaa,  Traver  0  Hsu  1935 

Needhaa,  Traver  St  Hsu  1935 

37. 

SP.  Leptophlebiioidea 

Leptophlebiidae 

Kabroleptoides  aodesta*  (Hagen) 

Landa  1909 

diet  undocuaented 

38. 

iepiopMebia*  sp. 

Spieth  1933;  Snodgrass  1950 

Milne  4  Milne  19B0 

39. 

Paraieptophiebia  suiiarginata* 
(Stephens) 

Needhaa,  Traver  0  Hsu  1935; 

Landa  1909 

Milne  4  Milne  19B0; 

[Mattingly  198751 

40. 

Ait/irogenia*  sp. 

Strenger  1954;  Day  1950;  Landa 
1909 

Murphy  1922;  Milne  4  Mitne 
1980 

41. 

SP.  Epheieroidea 

Behningiidae 

Bebaiagia  dseri*  Lestage 

Landa  1909 

diet  undocuaented 

42. 
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taxon 

Fotaaanthidae  ' 

Potaianthus  luteus*  (Linneaus) 

Euthyplociidae 
Polyaitarcyidae 
Ephoron  virgo*  (Olivier) 
Epheaeridae 

Epheiera  xalgata*  Linneaus 


Uexagenia  recarvata  Morgan 


•outhpart-iorphology  data 


[Morgan  1913);  Land a  1969; 
Borror,  DeLong  &  Triplehorn  1976 


Landa  1969 

[Morgan  19131;  Murphy  1922; 
[Spieth  19333;  [Jay  19561; 
Landa  1969 

[Sternield  19073;  Murphy  1922; 
Needhaa,  Traver  L  Hsu  1935 


dietary  data 

no. 

Coastack  1977 

43. 

Ccastock  1977 

44. 

Murphy  1922;  Milne  &  Milne 

45. 

1980 

Morgan  1913;  Milne  &  Milne 

46. 

1980 

tfexagenia*  sp.  Murphy  1922;  Spieth  1933;  Morgan  1913;  Milne  i  Milne  47. 

Snodgrass  1950  1980 

Palengeniidae 

Paiiagenia  loogicauda*  (Olivier)  Landa  1969  Coestock  1977  48. 

So.  Pannota 
Si.  Epheierelloidea 
Epheoereilidae 

Epheierelia  ignita*  (Podal  Landa  1969  Milne  t  Milne  1980  49. 

Tricorythidae 
Si.  Caenoidea 
Neoepheieridae 
Caenidae 

Caenis  xacrura*  Stephens  Landa  1969  Morgan  1913  50. 

Baetiscidae 

Si.  Prosopistoiatoidea 
Prosopistoaatidae 

Prosopisioia  Toiiaceui*  (Fourcroyl  Needhaa,  Traver  &  Hsu  1935;  Morgan  1913;  Meedhaa,  51. 

Landa  1969  Traver  6  Hsu  1935 


ODONATA 
So.  Zygoptera 
Si.  Lestinoidea 
Perilestidae 
Chlorolestidae 
Lestidae 

Lestes  barbaras  (Fabricius)  Butler  1904;  [Lew  19331;  Milne  t  Milne  1980  52. 

Strenger  1952;  [Asahina  19541; 

[Hakia  19641 

Si.  Heaiphleboidea 
Heaiphlebiidae 
Si.  Coenagrionoidea 
Platystictidae 
Megapod agrionidae 
Protoneuridae 
Platycneaidae 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Lestoideidae 

Coenagrionidae 

Agrioa  hasiulaitia*  Charpentier 

Hunscheid  1933;  [Corbet  19531; 
CCallidre  19721 

Coastock  1940 

53. 

Pseudagrion  decorm  (Raabur) 
Pseudostignatidae 

Hakia  1944;  Denis  4  Bitsch  1973 

Clausen  1940;  Chutter  1941 

54. 

5(.  Calopterygoidea 
Aaphipterygidae 
Chlorocyphidae 
Heliocharitidae 
Polythoridae 
Epallagridae 
Calopterygidae 


Unais  strigata  Selys 

So.  Anisozygoptera 

Asahina  1954 

Coastock  1977 

55. 

Epiophlebiidae 

Epiophiehia  superstes*  Selys 

Lea  1933;  Asahina  1954 

Asahina  1950 

54. 

Epicphlebia  superstes  Selys 

So.  Anisoptera 

Lea  1933;  Asahina  1954 

Asahina  1950 

57. 

St.  Aeshnoidea 

6oaphidae 

Daridius  nanu s  Selys  Asahina  1954 

Goiphus  agricola  Linneaus  Lett  1933;  [Denis  4  Bitsch  19731 

Ictinogoiphus  rapax  (Raiibur)  Hakia  1944 

Icixatis  shquIcsus  Selys  Hathur  &  Hathur  1941b 

flpychogoiphus  ardens  Needhaa  Chao  1953 

Petaluridae 
Aeshnidae 

Aes/ina  cyaaea*  ((Slier  CCraapton  1923bl;  [Lucas  19241;  Claassen  1930  43. 

Short  1955;  CPophaa  4  Bevons 
19791;  Tanaka  4  Hisada  1980 

Aes/ina  juscea  Linneaus  CCraapton  1923b 1 ;  [Lucas  1923/  Claassen  1930  44. 

19241;  [Snodgrass  19283;  Mun- 
scheid  1933;  [Corbet  19531; 

Pophaa  4  Bevons  1979;  Tanaka  4 
Hisada  1980 

Aaax  jixius*  (Drury)  Butler  1904;  Hhedon  1927;  Lea  Kasiaov  1954;  Saann  4  Papp  45. 

1933;  Snodgrass  1947.  1940;  1972;  ttilne  4  Hilne  1980 

[Asahina  19541;  '4  at  son  1955 

Ana*  juoius  (Drury)  Lea  1933;  Snodnrass  1954  Poulton  1904;  Hilne  4  Hilne  44. 

1980 


[Hilne  4  Milne  19801 

58, 

[Milne  4  Hilne  19801 

59, 

[Hilne  4  Hilne  19803 

40, 

[Hilne  4  Hilne  19301 

41, 

[Hilne  4  Hilne  19801 

42, 
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taxon 


■outhpart-iorphology  data  dietary  data 


S-f.  Cordulegasteroidea 
Cordulegasteridae 
Carduligaster  bolton:  (Donovan) 


S-f.  Libelluloidea 
Syntheaidae 
Corduliidae 
Libel lulidae 

Brachyiheiis  coniaiinata  Fabricius 


Butler  1904;  [Lew  10331;  Corbet  [Paul ton  19061;  Milne  4 

1953;  Smith  &  Pritchard  1956;  Milne  1980 
Richards  4  Davies  1977 


Kathur  1956;  Hafcia  1964  Pritchard  1964 


no. 


67. 


68. 


Crocoiheais  serv ilia  (Drury) 


Asahina  1954;  Hakia  1964  CPoultDn  19061;  Pritchard  69. 

1964 


Libtililluia  gaadriaacsiata*  Linneaus 


Libelhla  quadriaacuiata  Linneaus 

Brtbetr ui  iaenioiatua  Schneider 


Paataia  flarescens  Fabricius 


Marshall  1914;  [Lucas  1923/ 
19241;  Pritchard  1964,  1976; 
Pophaa  4  Bevons  1979 

[Saith  18981;  Marshall  1914; 
[Balkar  1931al;  [Leu  19331 

[Butler  19041;  [Corbet  19531; 
[Asahina  19541;  Mathur  4  Mathur 
1961a 

Mathur  1962 


Pritchard  1964  70. 

Poulton  1906;  Pritchard  1964  71. 

Poulton  1906  72. 

Barren  1915  73. 


BLATTQDEA 

Cryptocercidae 

Cryptocercas  pmciulatus  Scudder 
Blattidae 

ilatta  orieatalis  Linneaus 


reriplaneia  aiericaaa  (Linneaus) 


Polyphagidae 

Blatellidae 

ilatella  gerianica  Linneaus 


Cleveland  1934 

Saith  1898;  Berlese  1909;  Yuasa 
1920;  Craapton  1921c;  Eidaann 
1925;  Snodgrass  1932,  1935,  1944, 
1950;  Strenger  1942;  Schnit: 

1945;  Denis  4  Bitsch  1973;  . 
Richards  4  Davies  1977 

Berlese  1909;  [Mangan  19093; 
[Bugnion  19203;  Solden  19253; 
Craapton  1923b,  1925;  Snodgrass 
1928,  1944;  Balker  1931a;  Dorsey 
1943;  Pophaa  1961;  Roberts  1975 


Borner  1909:  [Balker  19323; 
[Ferris  19423;  Hoyt  1942;  Snod¬ 
grass  1943,  1944 


Cleveland  1934 

74. 

Milne  4  Milne  1980 

75. 

Casta  Liaa  1968;  Milne  4  76. 

Milne  1980 


Costa  Liaa  1968;  Milne  4  77. 

Milne  1980 
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taxon 

eouthpart-aorphology  data 

dietary  data 

no. 

Parcoblatta  pensyivasica  (DeSeer) 
Blaberidae 

Walker  1933;  Sangwere  1945 

Sangwere  1945 

78. 

Blaberus  craaifer  Buraeister 

Deannel  1949;  Houlins  1971 

Arnett  19B5 

79. 

HANTODEA 

Chaeteessidae 

Hetallyticidae 

Hantoididae 

Ereaiaphilidae 

Ereiiap/iiia  sp. 

Aaorphoscelidae 

Hyaenopodidae 

Eapusidae 

Rantidae 

Craapton  1932 

Fernald  1935 

B0. 

Kantis  religiosa  (Linneaus) 

Suslov  1912;  Hosford  1913;  Yuasa 

Clausen  1940;  Rilne  4  Milne 

81. 

1929;  Strenger  1942;  [Hudson 
19451;  DuPorte  1944 

1980 

Stagnoiantis  Carolina  (Johannson) 

Craapton  1923b;  Walker  1931a, 

Fernald  1935;  Rilne  4  Rilne 

CO 

1° 

1933;  Levereault  1934 

1980 

Tea  Oder  a  sinensis  Saussure 

Snodgrass  1947;  Sangwere  1945 

Hadden  1927;  Thierof-f  1928; 
Fernald  1935 

83. 

ISOPTERA 

Rastoteraitidae 

Kastoteries  darainiensis  Froggatt 
Kaloteraitidae 

Craapton  1921,  1932;  Hare  1937; 

Eaerson  1945 

64. 

Kaloteries  ihvictllis  Fabricius 

Holagren  1909;  [Craapton  19321; 
[Hare  19371;  [Ahuad  19501; 

Richard  1951 

Swan  4  Papp  1972 

85. 

Hodoteraitidae 

Architeriopsis  sp. 

Richards  4  Davies  1977 

Richards  4  Davies  1977 

84. 

Fenopsis,  sp.,  soldier 

Craapton  1921;  Snodgrass  1932, 
1935,  1940;  Walker  1932;  Ahead 
1950 

Richards  4  Davies  1977 

87. 

2ooteraopsis  angasticoiiis  (Hagen) 

[Hare  19371;  Cook  1944;  Ahead 

Swan  4  Papp  1972;  Hilne  4 

38. 

1950 

1980 

Rhinoteraitidae 

Rhinoteraes  (auras  Besneux 

Holagren  1909;  Jeannel  1949; 
[Ahead  19501  4>' 

Richards  4  Davies  1977; 

[Hill  19831 

89. 

Serriteraitidae 

Serriteries  serrifer  (Hagen  4  Bates), 
soldier 

Teraitidae 

Eaerson  4  Krishna  1975 

Eaerson  4  Krishna  1975 

90. 

/facroteries  gilvas 

[Hare  19371;  Cook  1944;  [Ahead 
19501;  Deligne  1945 

Richards  4  Davies  1977 

91. 
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i 

aouthpart-torpholagy  data 

dietary  data 

Hasutiteraes  ciiaguiaayeosis  Holagren 

Holagren  1909;  CAhaad  19501; 
IBrues,  Melander  4  Carpenter 
19541 

Lubin  1983 

Odontoteraes  obesus  (Raabur),  alate 

CHolagren  19091;  CAhaad  19501; 
Vishnoi  1956;  Roonwal  4  Sangal 

Hill  1983 

I960 

Odontoteraes  obesus  (Raabur),  worker 

CHolagren  19091;  CAhaad  19501; 
Vishnoi  1956;  Roonwal  4  Sangal 

Hill  1983 

I960 

Odontoteraes  obesus  (Raabur),  soldier 

CHolagren  19091;  CAhaad  19501; 
Vishnoi  1956;  Roonwal  4  Sangal 

Hill  19B3 

1960 

no. 


92. 


93. 


94. 


95. 


BRYLLQBLATTODEA 

Brylloblattidae 

ffryiloilatta  caapodeiforais  Walker  Craapton  1917,  1923b,  1926;  Richards  &  Davies  1977 

Walker  1931a,  1931b,  1933;  Ferris 
1942;  Beier  1955 


QRTHOPTERA 
So.  Ensifera 
Si.  Stenopelaatoidea 
Lexinidae 
Stenopelaatidae 
Stenopeiaatus  sp. 


CoolGolidae 

Cooiooia  propator  Rent: 
Sryllacrididae 
Gryiiacris  ieefsansi  Karny 
Mianeraidae 
Si.  Raphidophoroidea 
Macropathidae 

Kacropat/ius  fiJifer  Walker 
Raphidophoridae 

Tachycines  asynaaorus  Adelaann 
Si.  Hagloidea 
Prophlangopsidae 
Cypftoderris  sp. 

Si.  Tettigonoidea 
Bradyporidae 
Acridoxenidae 


Const ock  Sc  Kochi  1902;  Hosiord 
1913;  Yuasa  1920;  Craapton  1930a, 
[19323;  Beier  1955 

Rentz  1980,  1987 

Karny  1924,  119251 

Richards  1955 
Beier  1955;  Wada  1965 

Zeuner  1939 


Swan  4  Papp  1972;  Milne  4  97. 

Milne  1980 

Rent:  1980;  Kevan  1982a  98. 

Richards  6  Davies  1977  99. 

Richards  4  Davies  1977  100. 

Richards  4  Davies  1977  101. 

Arnett  1985;  CKevan  1982al  102. 
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taxon 


aouthpart-iorphology  data  dietary  data 


no. 


Phaneropteridae 
Aibiycorypha  aibit'roas 

Pseudophyllidae 

Meconeeatidae 

Phasnodidae 

Phylloporidae 

Mecopodidae 

tfecopoda  eioogata  (Linneaus) 
Tettigoniidae 

Secticus  iibiirots  Serville 

Saga  serrata  Charpentier 

Conocephalidae 
Srcfieiimi  vuigare  (Harris) 

Si.  Schizodactyloidea 
Schizodactylidae 
St.  Sryllotalpoidea 
Sryliotalpidae 

Sryilotalpa  gryiiotaipa  iLinneausi 


Si.  Grylloidea 
Gryllidae 

Acheta  doiestica  Linneaus 
Sryllus  pennsyiranicos  Buroeister 


[Isely  19443;  CKraner  19443; 
Sangxere  I960,  [19653 


[Karsch  18863;  Karny  1924 

Berlese  1909;  Strenger  1942 

[Golden  19253;  Strenger  1952; 
Beier  1955 

Yuasa  1920;  Gangnere  1965 


Craapton  1923a,  [1923b,  19323; 
LaSreca  1939;  Stranger  1942; 
[Rakshpal  19543;  Beier  1955 


[Syaaons  19523;  Rietschel  1953 

Yuasa  1920;  [Craapton  1921c, 
1923b,  19321;  [Golden  19253; 
[Ualker  1931a,  19333;  [Snod¬ 
grass  19323;  [Ferris  19423; 
[Strenger  19423;  [Hudson  19453; 
[DuPorte  19463;  Gangnere  1965; 
[Hatsuda  19653;  Borror,  DeLong  4 
Triplehorn  1976 


Milne  6  Milne  1980  103. 


Hill  1983  104. 

[Arnett  19453  105. 

Williass  19543;  Uvarov  1966  106. 

Milne  4  Milne  1980  107. 

Suan  4  Papp  1972  108. 

Suan  4  Papp  1972;  Hill  1983  109. 

Milne  4  Milne  1930  110. 


Liogryiius  cai pestris  Linneaus 
Pentacentridae 
Trigonidiidae 
Phlangopsidae 
[uzara  lisor  Hebard 
Eneopteridae 
Sderopteridae 
Pteroplistidae 
Cachoplistidae 
Mogoplistidae 
Myraecophilidae 
dyraecopiiiia  acerorui  Panzer 
Oecanthidae 


Golden  1925;  Strenger  1942  Costa  Liaa  1968 


111. 


Hebard  1928 


Hebard  1928  112. 


Schiiaer  1909 


[Richards  4  Davies  19773  113. 
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aouthpart-aorphology  data 


dietary  data 


no. 


taxon 

So.  Caeliiera 
Si.  Eunastacoidea 
Chlorotypidae 
Eruciidae 
Nastacideidae 
Euschnidtiidae 
Therideidae 
Niraculidae 
Episactidae 
Eunastacidae 
Boaphoaastacidae 
Biroellidae 
Horabidae 

Keyacris  s curra  (Rehn) 

Si.  Prasopoidea 
Prosopiidae 

Cephaiocoeta  aibrechti  lolessi 
Si.  Trigonopterygoidea 
Boreacrididae 
Trigonopterygidae 
Si.  Xyonotoidea 
Syonotidae 
Tanaoeeridae 

Tanaoceras  io ebelei  Brunner 
Si.  Pneueoroidea 
Pneueoridae 

BuIJacris  unicoior  Linneaus 
Si.  Acridoidea 
Paaphagodidae 
Paaphagidae 
Tristiridae 
Lathiceridae 
Pyrgoaorphidae 

Eonocerus  rariegatus  (Linneaus) 
Lentulidae 
Oaaexechidae 

iiiexecha  bruoneri  Bolivar 
Roaaleidae 

Hoaaiea  licroptera  iBeauvois) 
Pauliniidae 

Hare  ilia  reaipes  Uvarov 
Acrididae 

Anacrydiui  aegyptiui  Linneaus 


Bissosteira  Carolina  (Linneaus) 


Hippiscus  sp. 


Blackith  4  Blactith  1966 

lolessi  196B 

Rehn  1948;  Srant  6  Rent:  1967 

Dirsch  1965 

Chapaan  1  Thoaas  1978;  Hill  1983 

Surney  4  Lieberaann  1963 

Evans  1984 
Carbonell  1959 
Strenger  1942 

Craapton  1916;  Snodgrass  1928 
Hininger  1915;  Arnett  1985 


Blackith  &  Blackith  1966  114. 

Zolessi  1968;  [Kevan  19B2al  115. 

Rehn  1948  116. 

Dirsch  1965;  [Kevan  1982a]  117. 


Chapaan  4  Thoaas  1978  118. 

Surney  &  Lieberaann  1963;  119. 

CKevan  19823 

Hilne  4  Hilne  I960  120. 

Snan  6  Papp  1972  121. 

Strenger  1942;  [Chapaan  4  122. 

6  Thoaas  19783 

Suan  4  Papp  1972;  Hilne  4  123. 

Hilne  1980 

diet  undocuaented  124. 
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taxon 


aouthpart-iorphology  data 


iocnsta  aigratoria  Linneaus 


Meianopius  diftereotiaiis  (Thoaasi 


Schistocerca  gregaria  iForskal) 


Tryxaiis  aasnta  Fischer 

Stenocheila  larundyni  Uvarov 
SF.  Tetrigoidea 
Tetrigidae 

Tetrix  arenosus  Buraeister 

Batrachideidae 
SF.  Tridactyloidea 
Ripipterygidae 
Tridactylidae 
Tridactyiis  apicaiis  Say 
5F.  Cylindroachetoidea 
Cylindrachetidae 

Cyiindroryctes  spegarzinii  Siglio-Tos 


CSnodgdrass  19281;  Si  Hi  ass  1954; 
ttanton  1984,  1977;  Louveaux  1972, 
1975 

[Coastock  4  Kochi  19021;  [Hos- 
Ford  19131;  Nininger  1915;  Vuasa 
1920;  [Halker  1931a,  19321; 
[Sangttere  1985,  198 81 

[Nininger  19151;  [Bolden  19251; 
Silliaas  1954;  Beier  1955;  Thoaas 
1988 

Strenger  1942 
Chapaan  1988 


Yuasa  1920;  [Craapton  1923b 1; 
[Gangaere  19851 


Ferris  1942;  Gangaere  1985 


Beier  1955 


dietary  data  no. 

Silliaas  1954;  Pruthi  1989;  125. 

Hill  1983 


Sinan  4  Papp  1972;  Chapaan  4  128. 

Thoaas  1978;  Milne  4  Milne 
1980 


[Silliaas  19541;  Uvarov 

127. 

1988;  Swan  4  Papp  1972; 

Milne  4  Milne  1980 

Strenger  1942 

128. 

Chapaan  1988 

129. 

Richards  4  Davies  1977 

130. 

Costa  Liaa  1988  131. 

Beier  1955;  [Sevan  19S2a3  132. 


PHASMATODEA 
So.  Tineiatodea 
SF.  Tineaatoidea 
Tineaatidae 
Tiieia  sp. 

So.  Phasaatoidea 
SF.  Bacilloidea 
Bacillidae 
Bacunculidae 

Anisoaiirp/ia  T'errungiaea  (Beauvoisl 

SF.  Phylloidea  i‘ 

Phyllidae 
SF.  Necroserioidea 
Necrosciidae 

Ifecrosia  sparaxes  Sestnood 


Craapton  [19181,  19Z3h,  1932  Milne  4  Milne  I960;  Arnett  133. 

1935 


[Craapton  1918,  192381;  CLittig  Coastock  1977;  Arnett  1985  134. 

19421;  DuPorte  1982b 


Bangrade  1985 


Coastock  1977;  Arnett  1985  135. 
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taxon 

Heterccneaiidae 
Diaphaaeroiera  feiorata  (Say) 


lonchodidae 

Carausius  lorosus  Brocher 
Pachysorphidae 
Palophidae 
Sf.  Phasiatoidea 
Bacteriidae 
Phasaatidae 

Pftryjanistria  virqi a  (Westwood) 


DERKAPTERA 
So.  Forficulina 
Sf.  Pygidicranoidea 
Pygidicranidae 
tclu'r.osoia  afrua  Beauvois 
Karschiellidae 
Siplatyidae 
St.  labiduroidea 
Carcinophoridae 
faisoiibis  aaritiaa  (Gene) 


Labiduridae 

iabidtira  riparia  (Pallas) 

Apachyidae 
Sf.  Forficuloidea 
Labiidae 
Chelisochidae 
Forficulidae 

forficula  auricuiaria  Linneaus 


So.  Heiiaerina 
Heaiaeridae 

tfeiiierus  taipoides  Walker 

So.  Arixeniina 
Arixeniidae 
Arixeti a  esau  Jordan 


•outhpart-aorphology  data 


Yuasa  1920;  Walker  19m;  Hudson 
1945;  DuPorte  19&2b;  Sangnere 
1945 

Harquardt  1939;  Scholl  1969 


Stranger  1942 


Giles  1963 


Yuasa  1920;  Craapton  1921,  1923b, 
C19323;  [Ferris  19423;  Dorsey 
1943;  DuPorte  C19463,  1960b; 
Snodgrass  1947,  1960;  Giles  1963 

Pophaa  1959;  Kadaa  1961 


Evans  1921;  Snodgrass  1928, 
1932,  1947;  Walker  1931a,  1933; 
Strenger  1949;  Henson  1950; 
Pophaa  1959;  Houlins  1969; 
Richards  6  Davies  1977 


Hansen  1894;  [Craapton  1923b3, 
1932c3;  Pophaa  1962;  Biles  1963 


[Craapton  19213;  Pophaa  1962 
[Giles  19633 


dietary  data  no. 

Fernald  1935;  Hilne  6  Hilne  136. 

1930 

Coastock  1977;  Arnett  19B5  137. 

Coastock  1977;  Arnett  1985  138. 


Richards  4  Davies  1977  139. 


Pruthi  1969;  Richards  4  140. 

Davies  1977 


[Clausen  19403;  [Hilne  4  141. 

Hilne  19803 


Clausen  1940;  Swan  4  Papp  142. 
1972 

Rehn  4  Rehn  1936;  Ashford  143. 

1970;  Waage  1979 

Harshall  1987;  Waage  1979  144. 
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taxon 

■outhpart-aorphology  data 

dietary  data 

no. 

EHBIQPTERA 

Clothidae 

Enbiidae 

Bahia  raiburi  Riasky-Korsakov 

CCraapton  1917,  19321;  Walker 

[Costa  Liaa  19681 

145. 

Notoligotoaidae 

Wotoiigoioia  hardyi  (Friedericks) 

1931a];  Rahle  1970 

Friedericks  1914;  Davis  1936; 

diet  undocuaented 

146. 

Eebolychidae 

Eaboiyntlia  bates!  NacLachlan 

Ross  1963 

Lacoabe  1956,  1964 

Costa  Liaa  196B 

147. 

Aniseabiidae 

Aaiseabia  sp. 

Chaaberlin  1923 

diet  undocuaented 

148. 

Australeabiidae 

Australeibia  iacoipta  Ross 

CKrauss  19111;  Ross  1963 

[Ross  19631 

149. 

Oligotonidae 

Qligotna  bospes  Myers 

CCraapton  1923bl;  Walker  C19321; 

[Richards  4  Davies  19771 

150. 

Teratenbiidae 

Terateibia  genicuiata  Krauss 

Krauss  1911;  Ross  1952 

[Richards  4  Davies  19771 

151. 

PLECOPTERA 

So.  Arctoperlaria 

Sf.  Neaouroidea 

Neaouridae 

Keioara  varigata  Olivier 

CEvans  19211;  Hoke  1924 

Hynes  1942 

152. 

Weinura  venosa*  Banks 

Claassen  1931;  [Moulins  19691 

Claassen  1931 

153. 

Notoneaouridae 

Woioneiaura  iatipennis*  McLellan 

HcLellan  1968 

diet  undocuaented 

154. 

Capniidae 

Capnia  necydaioides  Newaan 

Craapton  1917;  Hoke  1924 

Borror  4  White  1970 

155. 

Capa i a  veraaiis*  Newport 

Claassen  1931;  tChisholn  19621; 

Claassen  1931 

156. 

Leuctridae 

teuctra  tlapaleti *  Keapny 

Claassen  1931;  CStrenger  19521 

Claassen  1931 

157. 

Leuctra  sp. 

Hoke  1924;  Craapton  1932 

Borror  4  White  1970 

153. 

Taenioptervgidae 

Faeoiopteryx  frigidus*  Hagen 

Claassen  1931 

Claassen  1931 

159. 

Taeniopteryx  irigidus  Hagen 

Hoke  1924;  [Metcalf  6  Flint  19321 

Neacoaer  1915;  Borror  6 

160. 

Scopuridae 

Sf.  Subulipalpia 

Perlidae 

Acroneoria  abooriis  Neman 

Hoke  1924;  [Snodgrass  19471 

White  1970 

Claassen  1931 

161. 

Acroaeuria  pacifica*  Banks 

Claassen  1931;  DuPorte  1946 

Hilne  4  Milne  1980 

162. 
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taxon 

aouthpart-norphalogy  data 

dietary  data 

no. 

Peria  cepAaJotes*  Curtis 

[Craapton  1923D1;  CHoke  19241; 
[Strenger  19521;  Chishola  1962 

Chishola  1962 

163. 

Per Ja  aaxiia  (Scopoli) 

[Walker  1931a];  Richards  6 

Bavies  1977 

Chishola  1962 

164. 

Perlesta  piacida*  Hagen 

Claassen  1931 

Claassen  1931 

165. 

Perlest a  piacida  Hagen 

Hoke  1924 

Chishola  1962 

166. 

Perladidae 

Perisdes  tibialis*  Banks 

Claassen  1931 

Claassen  1931 

167. 

Chlaroperlidae 

dlioperia  linuta*  Banks 

Claassen  1931 

Claassen  19ol 

168. 

42ioperIa  ainuta  Banks 

Hoke  1924 

Richards  4  Davies  1977 

169. 

Cfiioroperla  cydippe*  Neman 

Claassen  1931 

Claassen  1931 

170. 

Cbloroperla  graaiatica  Scopoli 

Hoke  1924 

Richards  4  Davies  1977 

171. 

Isopteryx  tri punctata  Scopoli 

Hoke  1924 

Claassen  1931 

172. 

Peltoperlidae 

Peltoperla  *  sp. 

Claassen  1931;  Craipton  1932 

Claassen  1931 

173. 

Pteronarcyidae 

Pterooarcys  califonica*  Neman 

Hostord  1913;  Craapton  1917, 

1932;  CHoke  1924];  Claassen  1931; 
Walker  1933;  Snodgrass  1947; 
[Chishola  19621 

Borror  4  White  1970;  mine  4 
Milne  1980 

174. 

Pteronarcys  retail's  Neman 

Coastock  6  Kochi  1902;  Hoke  1924 

Claassen  1931 

175. 

So.  Anarctoperlaria 

St.  Eusthenoidea 

Diaaphipnoidae 

Oisapfiipaos  anuiaia*  (Brauer) 

lilies  I960 

[Bauaann  1982 3 

176. 

Eustheniidae 

dearoperl a  schedinqi  Navas 

lilies  1960 

[Bauaann  19821 

177. 

Sf.  Leptoperloidea 

Austroperlidae 

Austroperla*  sp. 

Chishola  1962 

Till  yard  1926 

17B. 

Aastrsperia  sp. 

Chishola  1962 

Tillyard  1926 

179. 

Sripopterygidae 

Periurgoperla  personata*  lilies 

lilies  1963 

[Richards  &  Davies  1977] 

180. 
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taxon 

ZQRflPTERA 

Zorotypidae 

Zorotypus  hubbardi  Caudell 


PSOCQPTERA 
So.  Trogioaarpha 
Si.  Atropetae 
Lepidopsocidae 
Trogiidae 
iepinoius  sp. 

Psoquillidae 
Si.  Psocatropetae 
Psyllipsocidae 
Psyiiipsocus  raaburii  Selys 

Spelehator  flocki  Gurney 
Prionoglaridae 

Prionoglaris  Iatreilli  (Enderlein) 

So.  Troctoaorpha 
Si.  Nanopsocetae 
Liposcelidae 
Eaiidopsocus  sp. 

Pachytroctidae 
Sphaeropsocidae 
Si.  Aipbientoietae 
Aaphientoaidae 
Stigaatopathas  sp. 

Musapsocidae 
Troctopsocidae 
Manicapsocidae 
Caapsocidae 
So.  Psocoaorpha 
Si.  Epipsocetae 
Epipsocidae 
Dubellapsocidae 
Spurostigoatidae 
Philoneuridae 
Si.  Caecilietae 
Asiopsocidae 
Caeciliidae 

Caecilius  aaritiius  Rockford 
Aaphipsocidae 
Stenopsocidae 

Stenopsocus  stigiaticus  Iahoii  i 
labrua 

Polypsocidae 


aouthpart-aorphology  data 

Craapton  1920,  C 19233,  1932; 
CHatsuda  19561;  [Richards  6 
Davies  19771 


tleber  1938b;  Syaaons  1952 

Gurney  1943 

6urney  1943;  Snodgrass  1944 

Badonnel  1931;  Ball  1936; 
Gurney  1943 

Craapton  1932;  CSaithers  19721 

Craapton  1932;  CSaithers  19721 


Rockford  1965;  CSaithers  19721 

[Badonnel  19341;  Saithers  1972; 
Ratsuda  1965 


dietary  data  no. 


Pruthi  1969  181. 


Saithers  1972;  Hen  1987  182. 

Gurney  1943  183. 

Pearaan  1928;  Arnett  1985  184. 

Gurney  1943  185. 

Saithers  1972;  Richards  i  186. 

Davies  1977 

diet  undocuaented  167. 


Rockford  1965 

188. 

Saithers  1972 

189. 
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taxon 


nouthpart-norphology  data  dietary  data 


St.  Hoailopsocetae 
Elipsocidae 
Philotarsidae 
Mesopsocidae 

Rhinopsocus  arduus  Badonnel  A  Badonnel  A  Lienhard  19SB  Badonnel  Si  Lienhard  1988  190. 

Lienhard 

Lachesillidae 

Peripsocidae 

Ectopsacidae 

Ectopsocus  caJifornicus  (Banks)  Weber  1938b;  Snodgrass  1944  Swan  A  Papp  1972  191. 

Henipsocidae 
Calopsocidae 
Pseudocaeciliidae 
Trichop socidae 
Archipsocidae 
St.  Psocetae 
Psocidae 


Aip/iigerontia  contaniaata  Stephens 

Weber  1938b 

Wew  19B7 

192. 

Psocus  confraterm  Banks 

[Burgess  18783;  CBerlese  19093; 

[Costa  Lina  19683;  Arnett 

193. 

Snodgrass  1928;  Cranpton  [192353, 

1985 

1932;  [Cook  19443;  [DuPorte 

19463 

Thrysophoridae 

Psilopsocidae 

Myopsocidae 

ANOPLURA 

Echinophthiriidae 

Enderleinellidae 

Haenatopinidae 

Saanatopious  suis  (Linneaus)  Stojanovich  1945;  Snodgrass  1947;  Swan  4  Papp  1972;  Milne  A  194. 

Synnons  1952;  Young  1953;  Raacke  Milne  1980 
1965;  Lavoipierre  1967;  Janes  A 
Harwood  1969;  Wirtz  1986;  Chau- 
donneret  1989a 


Hanophthiriidae 

Hoplopleuridae 

Milne  A  Milne  1980 

195. 

Heobaeiatopinus  citeilious  Ferris 
Hybophthiridae 

Linognathidae 

Stojanovich  1945 

Linogaathus  vituli  (Linneaus) 
Microthoraciidae 

Neolinognathidae 

Pecaroecidae 

Pedicinidae 

Stojanovich  1945 

Swan  A  Papp  1972 

196. 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Pediculidae 

Pedicuius  huaaaus  Linneaus 

Peacock  1919;  CCraapton  1923b]; 

Milne  t  Milne  1980 

197. 

Metcalf  1129;  Snodgrass  1944, 
1947;  Stojanovich  1945 


Polyplacidae 

Phthiridae 


PAtAirus  pubis  Linneaus 

Rateaiidae 

MALLOPHAGA 

So.  Aiblycera 

Menoponidae 

Hirsch  1934 

Arnett  1985 

198. 

Ancistrona  vageiii  (Fabricius) 

Snodgrass  C1905],  1944;  [Cua- 
aings  19121;  Syaaons  1952; 
[Richards  &  Bavies  19771 

Syaaons  1952 

199. 

Colpocepbalua  subaequaie  Buraeister 

Syaaons  1952 

Syaaons  1952 

200. 

dyrsidea  corn ids  (Be  Seer) 

[Badri  19341;  Buckup  1959 

Buckup  1959 

201. 

Pseudoueaopoa  pilosuu  (Scopoli) 

[Qadri  19341;  Haub  1947 

Haub  1947 

202. 

Tetropbtb alius  sp. 

Lae.obothridae 

Cope  1941 

[Arnett  19851 

203. 

laeiobotbrioi  pypsis  Kellogg 

Ricinidae 

Snodgrass  1905;  Craapton  1923b; 
[Qadri  19341;  [Syaaons  19521; 
[Richards  &  Bavies  19771 

[Arnett  19851 

204. 

7rocbiloecetes  sp. 

Boopidae 

Clay  1949 

[Arnett  19851 

205. 

Heterodoxus  spiaiuer  (Enderlein) 

Triaenoponidae 

Syaaons  1952 

Syaaons  1952 

204. 

Triaeaupoa  jiaaiagsi  Kellogg  &  Paine 
Abrocoaophagidae 

Syropidae 

Stowe  1943;  Syaaons  1952 

[Arnett  19851 

207. 

ffyropus  oralis  Burseister 

So.  Ishnocera 

Trichodectidae 

Syaaons  1952 

Syaaons  1952 

203. 

Bovicola  caprae  Surlt 

Risler  1951 

Swan  l  Papp  1972 

209. 

Tricbodectes  canis  (Be  Seer) 
Philopteridae 

Syaaons  1952 

Syaaons  1952 

210. 

ffonoides  Iagopi  Linneaus 

Syaaons  1952 

Syaaons  1952 

211. 

Pbiiopterus  stratus  Nitzsch 
Keptapsogasteridae 

[Quadri  19341;  Syaaons  1952 

Syaaons  1952 

212. 

Cuclotucepbalus  txtraat us  Carriker 

Carriker  1937 

Carriker  1937 

213. 
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■outbpart-iorphology  data  dietary  data  no- 


Ferris  1931;  Snodgrass  1944,  Kufcerji  4  Sen-Saraa  1955;  214. 

1947;  Symons  1952;  Hukerji  4  Syaaons  1952 
Sen-Saraa  1955;  Richards  4  Davies 
1977 


So.  Rhynchopthirina 
Haeaatoayzidae 

tfaeiatoiyms  eiep/iantis  Piaget 


THYSANOPTERA 
So.  Terebrantia 
Aealothripidae 

Aeolathrips  fasciatus  Linneaus 


Helaothrips  iicalbii  BuHa 
Heterothripidae 
Herothripidae 
Thripidae 

Ctiirothrips  haiatus  (Tryboa) 


Fraabliaialla  tritici  (Fitch) 


Heliothrips  feioralis  (Reuter) 


Thrips  physapus  Linneaus 


So.  Tubulifera 
Phiaeothripidae 
Cephalothrips  yuccae  Hinds 


Uaplotbrips  verbasci  (Osborn) 


Pblaeotbrips  coriaceus  Haliday 


[Jordan  16383;  Saraan  1696; 
[Doeksen  19411;  Mickoleit  1943 


Doeksen  1941 


[Jordan  18683;  Jones  1954 


Barden  1915;  Peterson  1915 


Peterson  1915;  [Doeksen  19413; 
[Snodgrass  19443 


[Jordan  18883;  [Huir  4  Kershaw 
19113;  Peterson  1915;  [Snodgrass 
19443';  Risler  1957 


Peterson  1915 


[Doeksen  19413;  Heaing  1978 


[Jordan  18883;  [Doeksen  19413; 
tlickoleit  1943 


Richards  4  Davies  1977;  215. 

Hound  1984,  in  litt.;  Kirk 
1984,  in  litt. 

Doeksen  1941  214. 


[Costa  Liaa  19483;  Hound  217. 
1984,  in  litt.;  Kirk  1984, 
in  litt. 

Borden  1915;  Hound  1984,  in  213. 
litt.;  Kirk  1984,  in  litt. 

[Johnson  4  Lyon  19743;  Hound  219. 
1984,  in  litt.;  Kirk  1984, 
in  litt. 

Peterson  1915;  Risler  1957;  220. 

[Hill  19833;  Hound  1984,  in 
litt.;  Kirk  1984,  in  litt. 


Peterson  1915;  [Costa  Liaa  221. 

19483;  Hound  1984,  in  litt.; 

Kirk  1984,  in  litt. 

[Costa  Liaa  19483;  Heaing  222. 

1978;  Hound  1984,  in  litt.; 

Kirk  1984,  in  litt. 

Hickoleit  1943;  [Costa  Liaa  223. 
19481;  Hound  1984,  in  litt.; 

Kirk  1984,  in  litt. 
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taxon 

louthpart-norphology  data 

dietary  data 

no. 

HETEROPTERA 

So.  Enicocephaloiorpha 

St.  Enicocephaloidea 

Enicocephalidae 

Systelloderes  biceps  (Say) 

Spooner  1938 

Cobben  1978 

224. 

So.  Dipsconorpha 

St.  Dipscoroidea 

Dipscocoridae 

Pachycoleus  Haiti  Feiber 
Ceratocoibidae 

Cobben  197B 

Hungerford  1919;  Cobben  1978 

225. 

Ceratocoibus  vaqaBS  McAtee  &  Malloch 
Hypsipterygidae 

Spooner  1938;  [Cobben  19781 

Blatchley  1926 

226. 

Hypsipteryx  aacbadoi*  Drake 

Stys  1970 

Cobben  1978;  [Slater  19821 

227. 

Schizopteridae 

Scbizoptera  strict iaadi  China 

So.  Nepoiarpha 

St.  Nepoidea 

Cobben  1978 

Blatchley  1926 

228. 

Nepidae 

be  pa  cinera  Linneaus 

Haailton  1931;  [Parsons  19621; 

Riley  1918;  Blatchley  1926; 

229. 

[Coppen  19781 

Milne  it  Milne  1980 

Ranaira  iusca  Beauvois 

Belostoaatidae 

Neisuander  1926;  Parsons  1966 

Riley  1918;  Blatchley  1926 

230. 

Belostoia  indicus  LePeletier  & 

[Berlese  19091;  Craapton  1921; 

Blatchley  1926 

231. 

Servadei 

Qadri  1951;  Verna,  Tyagi  &  Supta 
1973 

Senacius  griseus  (Say) 

Meinert  1897;  Butt  1943;  [Parsons 

Uhler  1884;  Milne  &  Milne 

232. 

1963,  1964,  19661 

1980 

St.  Corixoidea 

Corixidae 

Corixa  punctata  II tiger 

Banks  1939;  Benuitz  1956;  Souin 
1968;  [Cobben  19781 

Milne  it  Milne  i960 

233. 

desperocorixa  iaterrupta  (Say) 

St.  Selastocoroidea 

harks  1957;  Parsons  1966a,  1966b 

Snan  it  Papp  1972 

234. 

Selastocaridae 

Seiastocoris  ocuiatus  (Fabricius) 

Meber  1930;  [Spooner  19381;  Par¬ 

Blatchley  1926;  Milne  it 

235. 

sons  1953a,  1958b,  1959,  1962, 
1965,  1966a,  1966b;  [Souin  19681; 
[Cobben  19781 

Milne  1980 

Ochteridae 

Ochterus  aiericaaus  (Uhler) 

Spooner  1938;  Parsons  1965; 

[Denis  it  Bitsch  19731;  [Rieger 
19761;  [Cobben  19781 

Uhler  1884;  Blatchley  1926 

236. 

St.  Naucoroidea 

Maucoridae 

Aibrysus  lapaaceps  La  Rivers 

Parsons  1966a,  1966b;  [Denis  it 
Bitsch  19731 

Richards  it  Davies  1977 

237. 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Kane oris  ciaicoides  Linneaus 
Aphelocheiridae 

Bekker  1929 

Richards  4  Davis  1977 

238. 

Apheliociieirus  aestivalis  Fabricius 

at.  Notonectoidea 

Notonectidae 

Parsons  1966b,  1969;  tCobben 

19781 

Richards  4  Davies  1977 

239. 

Wotosecta  giauca  Linneaus 

Pleidae 

Weber  1930;  (Butt  19431;  [Marks 
19571;  [Snodgrass  19001;  [Par¬ 
sons  1905,  1900,  19721;  [Denis 

4  Bitsch  19731;  [Cobben  19781 

Poulton  1900;  Swan  4  Papp 
1972;  Milne  4  Milne  1980 

240. 

Piea  atoaaria  Pali  sot  de  Beauvois 
Helotrephidae 

Weber  1930;  Cobben  1978 

[Blatchley  19201 

241. 

Heotrephes  vsiageri  China 

So.  6erroiorpha 

Hesoveliidae 

China  1930 

China  1930;  [Slater  19821 

242. 

Hesovelia  auisanti  White 
Hydraaetridae 

Cobben  1978 

[Swan  4  Papp  19721 

243. 

ifydroietra  staguorui  Linneaus 

[Ekbloa  19201;  Servadei  1940; 
Cobben  1978 

[Blatchley  19201 

244. 

Hebridae 

Xebrtis  ruficeps  Thonas 
Paraphrynoveliidae 

Cobben  1978 

[Swan  4  Papp  19721 

245. 

Paraphrynoveiia  brinefri  Poisson 
Macroveliidae 

Veliidae 

Anderson  1978 

Anderson  1978 

240. 

Ificroveiia  reticulata  Burieister 

Cobben  1978 

Blatchley  1920 

247. 

Veiia  rivuioru*  Fabricius 

Madeoveliidae 

Serridae 

Meinert  1897;  [Ekbloa  19201; 
Servadei  1940;  Cobben  1978 

Blatchley  1920 

248. 

Ferris  najas  Be  Seer 

Heraatobatidae 

Meinert  1897;  [Ekbloa  19201; 
[Weber  19301;  [Spooner  19381; 
Servadai  1940;  Brinkhurst  1900; 
[Parsons  1902,  1905,  19001; 
[Cobben  19781 

Milne  4  Milne  1980 

249. 

Beraatobates  weddi  China 

So.  Leptopodoaorpha 

Oaaniidae 

China  1957;  Anderson  b  Palhesus 
1970 

Anderson  4  Polheaus  1970; 
[Richards  4  Davies  19771 

250. 

fliania  coieoptrata  Torvdth 

Saldidae 

Cobben  1970,  1978 

Cobben  1970 

251. 

Pentacora  sp. 

Spooner  193B;  [Cobben  19781; 
Haeilton  1981 

Blatchley  1920 

252. 

Saiduia  pallipes  Fabricius 

[Ekbloa  19201;  Parsons  1902, 

1905;  Cobben  1978 

[Blatchley  19201;  [Hunger- 
Ford  19191 

253. 
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taxon 

Leotichiidae 

ieotickias  giaacopis  Distant 
Leptopodidae 

ieptopus  larioratus  Boeze 
So.  Cioicoiorpba 
Thauaastocoridae 
Joppeicidae 

Joppeicus  paradoxus  Puton 

Si.  Tingoidea 
Tingidae 

Corythuca  ciiiata  Say 
Tiagis  buddlei ae  Drake 
Vianaididae 

Anonatocoris  coieoptratus  (Kornilev) 


Si.  Hiroidea 
Hiridae 

Adelpbocoris  rapidis  (Say) 

Lygus  paba iisus  Linneaus 

Kiris  dolobntus  (Linneaus) 
Nicrophysidae 

ioricuia  eiegantuia  (Baerenspring) 
Si.  Ciaicoidea 
Velocipedidae 
Medocostidae 
Kedocosies  lesioti  Stys 
Nabidae 

kabis  suicoieopteratus  Kirby 
Plokiophilidae 

Piokiopkilaides  biioris  Carayon 
Anthocuridae 

Tripkleps  iasidiosa  (Say) 
Cieicidae 

Ciiex  iectuiarius  Linneaus 


Polyctenidae 

Kesperocieaes  arias  Jordan 
Si.  Reduvoidea 
Pachynoaidae 
Reduviidae 

kedavias  per  sonatas  (Linneaus) 


■outhpart-aorphology  data 

China  1933;  [Cobben  19781 
China  1933;  CCobben  19781 

China  1955;  Davis  t  Usinger  1970 

Spooner  1938 

[Drake  t  Davis  19591;  Living¬ 
stone  1989 

Drake  &  Davis  1959 

Spooner  1938 
Awati  1914;  Cobben  1978 
Spooner  1938 
Cobben  1978 

Stys  1947 

CEkbloi  19241;  Spooner  1938; 
[Cobben  19781 

Carayon  1974 

Spooner  1938 

Keeper  1932;  Snodgrass  1944; 
Dickerson  &  Lavoipierre  1959; 
Cobben  1978 

Ferris  St  Usinger  1939 

Keber  1930;  Snodgrass  1944; 


dietary  data 

no. 

China  1933;  CSlater  19821 

254. 

China  1933;  [Slater  19821 

255. 

China  1955;  Davis  &  Usinger 
1970;  [Slater  19821 

254. 

Arnett  1985 

257. 

Livingstone  1949 

258. 

Davis  Si  Davis  1940;  [Slater 
1982 

259. 

Hilne  Si  Milne  1980 

240. 

Hill  1983 

241. 

Blatchley  1924 

242. 

CCobben  19781 

243. 

Stys  1947 

244. 

CPoulton  19041;  Milne  Si 

Milne  1980 

245. 

Carayon  1974 

244. 

[Cobben  19781 

247. 

Edwards  1940 

248. 

Ferris  Si  Usinger  1939 

249. 

Blatchley  1924 

270. 

Cobben  1978 
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taxon 

Shodaius  prolixas  (Stall 


Triitots  infest  ns  (King) 

So.  Pentatotonorpha 
S-f .  Aradoidea 
Aradidae 
Aradus  sp. 

Ternitaphididae 

Tereititaradus  panaiet sis  dyers 
tdiostolidae 

Idiostolus  iasufaris  Berg 
Piesaatidae 
Pies >a  ciaer ai  (Say) 

Colobathristidae 

Serytidae 

Jaiysus  spiaosus  (Say) 


deides  a ttticas  (Say) 
daleidae 
Lygaeidae 

flacopeltus  fascist us  (Dallas) 


Pyrrhocoridae 

Sysdercus  ciaguiatus  Fabricius 


Pyrriwcoris  apterus  (Linneaus) 

Largidae 
Sf.  Coreoidea 
Stenocephalidae 
Hyacephalidae 

By ocephaius  apragaus  Bergroth 
Coreidae 

Anasa  tristis  (De  6eer) 


ieptocorisi  variconiz  Fabricius 


■outhpart-norphology  data 

Lavoipierre,  Dickerson  4  Bordon 
1959;  Banes  it  Harwood  1969; 
CCobben  19783;  Smith  19B5;  Wirtz 
1987 

Snodgrass  1944;  Barth  1952 


Spooner  1920;  China  1931;  debar 
1930;  CStys  19491;  CCobben  19781 

dyers  1924;  China  1931 

Scudder  1942 

Spooner  1938;  Drake  and  Davis 
1958;  ICobben  19781 


Spooner  1938 


Spooner  1938;  CCobben  19781 


Snodgrass  1947;  Forbes  1974; 
Cobben  1978;  Snith  1985; 
Bolender  4  Konoaichl  1985 

CdacBill  19471;  CKunari  19551; 
Rathore  1941;  CPophan  19421; 
CSaxena  19431;  CKhan  19721; 
CCobben  19781 

dedde  1865;  Bugnion  4  Popott 
1911;  Cobben  1978 


Stys  1944 

Toner  1913,  1914;  detcalf,  Flint 
4  MetcaH  1942;  Cobben  1978 

Akbar  1957 


dietary  data  no. 

Milne  4  Milne  1980;  Snith  271. 

1985 

Edwards  1941;  CBlatchley  272. 

19243 

Blatchley  1924;  CChina  273. 

19311;  CCobben  19781 

dyers  1924;  CChina  19311  274. 

Scudder  1942  275. 

Drake  4  Davis  1958;  Cobben  274. 

1978 


Elsey  4  Stinner  1971;  Cobben  277. 


1978 

Cobben  1978  278. 

Blatchley  1924;  dilne  4  279. 

Milne  1980 

Hill  1983  2B0. 

Hill  1983;  Cobben  1978  281. 


Stys  1944;  CSlater  19821 

2B2. 

* 

Blatchley  1924;  dilne  4 

2B3. 

dilne  1980 

Richards  4  Davies  1977; 

284, 

Hill  1983 
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taxon 

Alydidae 
Aiydtts  sp. 

Rhopalidae 
St.  Pentatoaoidea 
Thauoastellidae 
Urastylidae 
Plataspidae 

Coptosoaoides  lyriecophiius  China 
Aphylidae 
Lestoniidae 
Cydnidae 

Cyrtoienus  airabilis  (Perty) 
Thyreacoridae 
Hegarididae 
Canopidae 
Canopus  sp. 

Scutelleridae 

Siethauiax  narioratus  (Say) 
Tessaratoaidae 
Tessaratoia  papiiiosa 
Eusenotidae 
Dinidoridae 

Coridius  jaaus  (Fabricius) 
Pentatotoaidae 

Crapbosoia  iioeatus  (Linneaus) 

Paioiena  prasina  Linneaus 
Acanthasonatidae 
Phloeidae 


HOHOPTERA 
So.  Coelorrhyncha 
Peloridiidae 
Seu'odoecus  ieai  China 

So.  Aucheoorrhyncha 
St.  Fulgoroidea 
Cixiidae 


■authpart-aurphology  data 
Spooner  1938 

China  1931 

Spooner  1933 

HcAtee  it  Halloed  192B 
Spooner  1933 
Bugnion  4  Popofi  1911 

Banerji  1960;  Rastogi  1965 

Bugnion  4  Popo-H  1911;  CHeber 
19303;  Cobben  1978 

Heber  1930 


dietary  data 

no. 

[Cobhen  19783 

285, 

China  1931  2B6. 

[Cobben  19783  2B7. 

[Richards  4  Davis  19773  288. 

[Cobben  19783  289. 

Hill  1983  290. 

Banerji  1960;  Rastogi  1965  291. 

Heber  1930  292. 

Reber  1930  293. 


[Evans  19373;  Singh  1971;  [Haul-  [Johnson  6  Lyon  19763;  294. 

ton  19813;  Bourgoin  1986a,  1986b  [Richards  4  Davies  19773 


Cixias  pint  Fitch  Spooner  1938;  [Haailton  19813;  [Johnson  4  Lyon  19763  295. 

[Bourgoin  1986a3 

Oiiarus  ricarius  (Kalker)  Spooner  1938  [Johnson  4  Lyon  19763  296. 

Tettigoietridae 

Phaitx  titan  Fennah  Fennah  1952;  [Bourgoin  1986a,  [Kositarab  19823  297. 

1986b 3 

Delphacidae 

Pentagram  rittatifrons  (Uhler)  Snodgrass  1938;  Spooner  1938  [Johnson  4  Lyon  19763  298. 
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taxon 

Eubrachyidae 

■outhpart-iorphology  data 

dietary  data 

no. 

Euryirachys  sp. 

Fulgoridae 

Chatterjee  1933;  Bourgoin  1566b 

Chatterjee  1933 

299. 

Cyropotus  r eiteckei  Van  Duzee 

Spooner  1938 

[Johnson  A  Lyon  19761 

300. 

Seiicharia  guadrata  Kirby 

Achilidae 

Singh  1971 

[Johnson  It  Lyon  19761 

301. 

Catoaia  naea  (Say) 

Tropiduchidae 

[Spooner  19381;  Snodgrass  1947 

Arnett  1985 

302. 

Peiiiropis  rotataia  Van  Duzee 

Issidae 

Spooner  1938 

[Johnson  &  Lyon  19761 

303. 

Bruclioiorpiia  sp. 

Lophopidae 

Spooner  1938 

[Johnson  it  Lyon  19761 

304. 

Pyriiia  petpasilh  Walker 
Acanaloniidae 

Sadri  &  Aziz  1950 

Qadri  it  Aziz  1950 

305. 

Acanalonia  iatifrons  (Walker) 
Ricaniidae 

Flatidae 

Spooner  1936 

[Johnson  it  Lyon  19761 

306. 

Cyarda  leiicftari  Van  Duzee 

Spooner  1938 

[Johnson  it  Lyon  19761 

307. 

Fiata  sp. 

Derbidae 

(luir  It  Kershaw  1912 

[Johnson  it  Lyon  19761 

308. 

Aialoptera  u hleri  Van  Duzee 

Spooner  1936 

[Johnson  &  Lyon  19761 

309. 

Otioceras  depeer i  Kirby 

Achilixiidae 

Heenoplidae 

Kinnaridae 

Dictyopharidae 

Spooner  1933 

[Johnson  it  Lyon  19761 

310. 

Dictyophara  florens  (Stall 

Spooner  1938;  [Bourgoin  1986al 

[Johnson  h  Lyon  19761 

311. 

Sc oiops  pungens  Sersar 

Sengidae 

Nogodinidae 

Kraier  1950;  Evans  1973;  [Bour- 
19B6bl 

[Swan  it  Papp  19721 

312. 

Siadisa  synavei  Kraier 
Hypochthonellidae 

Fennah  1952;  Kraner  1976 

Kraier  1976 

ol3. 

jfypocbtiionelia  caeca  China  A  Fennah 

St.  Cercnpnidea 

Cercopidae 

China  &  Fennah  1952;  Bourgoin 
1986a 

China  6  Fennah  1952 

314. 

Cephiscus  siccifoiius  (Walker) 

Snodgrass  1938;  Butt  1943 

Costa  Lina  1968 

315. 

Lepyronia  guadrangularis  (Say) 

Spooner  1938;  Kraier  1950 

[Swan  it  Papp  19721 

316. 
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taxon 

St.  Cicadoidea 

Cicadidae 

aouthpart-aorphology  data 

dietary  data 

no. 

dagicicada  septeidecei  (Linneaus) 

St.  Cicadelloidea 

Cicadellidae 

Heek  1903;  [Berlese  19091; 
CCraapton  192!d;  Snodgrass  1921, 
1928,  1935,  1944,  1947,  1950; 

Hurti  1929;  Butt  1943;  Kraaer 

1950 

Swan  4  Papp  1972;  Dybas  4 
Lloyd  1974;  Milne  4  Hilne 
1980;  Young  1984 

317. 

Auiacizes  irrorata  Fabricius 

Kraaer  1950 

Costa  Liaa  1968 

318. 

Idiocenis  aikitsoiti  Lethierry 

CBadri  19491;  Arora  6  Singh  1962; 
tTribout  19561 

Pruthi  1969 

319. 

Typhiocyba  alii  Linneaus 

Willis  1949 

Willis  1949 

320. 

kolfella  cateraauiti  Spinola 

St.  Heabracoidea 

Heabracidae 

Evans  1975 

[Kosztarab  19821 

321. 

Eaiyiia  siauata  Fabricius 

Branch  1913;  CHaailton  19811 

Branch  1913 

322. 

Euryieioides  paler  a  Signoret 

Evans  1937 

[Richards  &  Davies  19771 

323. 

Stictocepbala  buibalus  (Fabricius) 
Aetalionidae 

Kraaer  1950 

Johnson  4  Lyon  1976 

324. 

Dorthula  ha rdtickii  Bray 

Biturritiidae 

Evans  1975 

[Kosztarab  19B21 

325. 

delizoderes  darwini  Funkhouser 
Nicoiiidae 

So.  Sternorrhyncha 

St.  Psylloidea 

Psyllidae 

Evans  1975 

[Kosztarab  19821 

326. 

Psylia  aaii  Schaidberger 

St.  Aleyrodoidea 

Aleyrodidae 

Brove  1919;  Weber  1928,  1929, 

1930;  [Forbes  19721;  [Saith  19851 

Swan  4  Papp  1972;  Hilne  it 
Hilne  1980 

327. 

Trialeurodes  vaporarioriua  (Westwood) 

St.  Aphidoidea 

Aphididae 

Hargreaves  1915;  Weber  1928, 

1930;  [Spooner  19381;  Forbes 

1972 

Costa  Liaa  1968;  Swan  6  Papp 
1972;  Hilne  it  Hilne  1980 

328. 

Aphis  fabae  Linneaus 

Weber  1928;  [Forbes  19771 

Swan  4  Papp  1972;  Pollard 
1973;  Lawton  1976 

329. 

Eriosoia  ianigera  (Hausaann) 

Davidson  1914;  Herriot  1934 

Costa  Liaa  1968;  Hilne  4 
Hilne  1980 

330. 

fly ms  persicae  (Sulzer)  Forbes  1969,  1977  Pollard  1973;  Johnson  4  Lyon  331. 

1976 
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taxon  eouthpart-norphology  data  dietary  data  no. 

Adelgidae 

Caaphalodes  strobilobias*  Kaltenbach  Speyer  1923  Speyer  1923  332. 

Fhylloxeridae 

Phylloxera  vitiioli ae*  Fitch  [Duncan  19221;  Haillet  1957  Mail let  1957;  Johnson  4  Lyon  333. 

1976 

St.  Coccoidea 
IF.  Archaercoccoidea 
Qrtheziidae 

Qrtbezia  urticae  Linneaus  Balachousky  1937;  CJanete  19551  Borror,  DeLong  4  Triplehorn  334. 

1974;  Arnett  1985 

Margarodidae 

Icerya  parcbasi  Maskell  Balachouski  1937  Borror,  DeLong  6  Triplehorn  335. 

1976;  Arnett  1985 

dargarodes  vitiua  Giard  [Jancke  19551;  Theron  1958  Borror,  DeLong  6  Triplehorn  336. 

1976;  Arnett  1985 

Kaisuococcus  iisetosus  Morrison  [Weber  19301;  Beardsley  1968  Borror,  DeLong  4  Triplehorn  337. 

1976;  Arnett  1985 

Phenacoleachiidae 

Phenaco leachis  zelaadica  (Maskell)  Jancke  1955;  [Theron  19681  Borror,  DeLong  4  Triplehorn  338. 

1976;  Arnett  1985 

IF.  Neococcoidea 
Stictococcidae 

Stictococcus  aultispitosus*  NeNstead  Richard  1971  Richard  1971  339. 

Putoidae 
Pseudococci dae 

Pseudocodes  adoiidui*  (Linneaus)  Weber  1928,  1930;  [Jancke  19551;  Lone  1898;  Pirone  1970;  Hill  340. 

[Theron  19581;  [Gilionee  19611  1983 

Coccidae 

Coccus  hesperidiui  Linneaus  [Jancke  19553;  Gilionee  1967a  Borror,  DeLong  4  Triplehorn  341. 

1976;  Arnett  1985 

Eulecaniun  tiliae  (Linneaus)  Balachonsky  1937;  [Theron  19581;  Borror,  DeLong  4  Triplehorn  342. 

1976;  Arnett  1985 

Physokeraes  pice ae  (Schrank)  Jancke  1955;  Gilionee  1967a  Borror,  DeLong  4  Triplehorn  343. 

1976;  Arnett  1985 

Aclerdidae 

Dactyloppidae 

Pactylopius  avstrious  De  Lotto  De  Lotto  1974  De  Lotto  1974  344. 

Kernesidae 

kernes  quercus  Linneaus  Jancke  1955  Borror,  DeLong  4  Triplehorn  345. 

1974 

Cryptococcidae 

Eriococcidae 

Acanthococcus  oranuiatus  Brisnold  Jancke  1955  Borror,  DeLong  4  Triplehorn  346. 

1976;  Arnett  1985 
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taxon 

•outhpart-iorphology  data 

dietary  data 

no. 

Apioaorphidae 

Apiosorpha  ?pftaretrata  (Schrader) 

Theron  196B 

Borror,  DeLong  4  Triplehorn 

347. 

1976 

Kerridae 

348. 

laccifer  lacca*  Kerr 

Stubbing  1910;  Ihs  4  Chatterjee 
1915;  Balachansky  1937 

Richards  4  Davies  1977 

Beesoniidae 

Seesonia  dipteroearpi*  6reen 
Lecanodiaspididae 

Green  1926 

Green  1926 

Borror,  DeLong  4  Triplehorn 

349. 

350. 

lecaniodiaspus  eiytropappi  Hunting 

[Ferris  19551;  Giliosee  1967b, 

4  Giliosee 

Cerococcidae 

Asterolecaniidae 

196B 

1976;  Arnett  1985 

351. 

Asterolecaaius  unguiatui  Russell 

Russell  1941;  CJancke  19551; 

Borror,  DeLong  4  Triplehorn 

[Giliosee  19681 

1976;  Arnett  1985 

Ccnchaspididae 

Coachaspis  vayssieri  Haaet 

Maiet  1954 

Haaet  1954 

352. 

Phoenicococcidae 

Haliaococcidae 

Palsarieococcus  aesiotes*  (Laing) 
Diaspididae 

Zissersan  1948 

diet  undocuaented 

Arnett  1985 

353. 

354. 

Pariatoria  hiaachardi  Targioni-Tozetti 

[Beber  19301;  Balacbossky  1937 

Auadraspidiotus  peraiciosus  Cosstock 

Jancke  1955 

Borror,  DeLong  4  Triplehorn 
1976;  Arnett  1985 

355. 

HEGALOPTERA 

Corydalidae 

Chauiiodes  foriosanus  Pictet 

[Craspton  1921d;  Maki  1936; 

[Hilne  4  Hilne  19801 

356. 

Chiuiiodes  foncsaaus*  Pictet 

Haki  1936;  [Snodgrass  19601 

[Hilne  4  Hilne  19801 

357. 

Corydalus  corautus  (Linneaus) 

Packard  1898;  Coastock  4  Kochi 

Ssan  4  Papp  1972;  Hilne  4 

35B. 

1902;  Kellogg  1902;  [Craspton 
1923bl;  Rober  1941;  Dorsey  1943; 
Kelsey  1954;  Kraaer  1955 

Hilne  1980 

Corydalus  corautns*  (Linneaus) 

Kellogg  1902;  [Hostord  19131; 

Ssan  4  Papp  1972;  [Borror, 

359. 

Snodgrass  1935,  1960;  Cook  1944a; 
DuPorte  1946;  Kraaer  1955 

DeLong  4  Triplehorn  19761 

Heohertes  sp. 

Ferris  1942;  Cook  1943 

[Borror,  DeLong  4  Triplehorn 
19761 

360. 

Sialidae 

Siaiis  flariiatera  (Linneaus) 

[Ssith  18981;  [Craspton  1921c, 

[Ssan  4  Papp  19721;  Arnett 

361. 

19321;  Rober  1941 

1985 

Sialis  iutaria  *  Linneaus  'v 

[Craspton  1921c,  1923bl;  Evans 

[Ssan  4  Papp  19721;  Richards 

362. 

1921;  Das  1938;  [Rober  19411 

4  Davies  1977 
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taxon 

RAPHIDIOPTERA 
Raphidiidae 
Aguiila  adaixa  (Hagen) 


aouthpart-aarphology  data  dietary  data 


no. 


Ferris  4  Pennebaker  1939;  Hatsuda  CSxan  6  Papp  19721;  [Milne  4  363. 
1954  Milne  1980 


RapAidia  tlavipes  Stein 
RapAidia*  sp. 


Inocellidae 


PLANIPENNIA 
Si.  Ithonoidea 
Ithonidae 

ItAone  fusca*  Mexaan 
Polystoechotidae 
talystoeckotes  sp. 

St.  Coniopterygoidea 
Coniopterygidae 
RIeuropteryx  loexi*  Klapalek 


CEvans  19213;  Actitelig  1967 

Craapton  1917b,  1921c;  Das  1938; 
Snodgrass  1997;  CGenay  19533; 
Hinton  1963 


Craapton  1921c;  Tillyard  1923 
Craapton  1921c;  [Ferris  19923 

Rousset  1966 


Clausen  1990;  Arnett  1985  369. 

Clausen  1990;  [Richards  6  365. 

Davies  19773 


Clausen  1990;  [Arnett  19853  366. 

[Borror,  DeLong  6  Triplehorn  367. 
19763 


[Clausen  19903;  [Richards  6  36B. 

Davies  19773 


Coaiopteryx  pygiaea*  Enderlein 

Conxentzia  Aageai  Banks 
Conxentzia  psociforais*  (Curtis) 


Hithycoabe  1922;  Genay  1953; 
Rousset  1956,  1958,  1966 

Craapton  1921c 

tfithycoabe  1922;  Rousset  1966 


[Clausen  19903;  Sxan  6  Papp  369. 
1972 

[Arnett  19853  370. 

[Clausen  19903;  [Richards  4  371. 

Davies  19773 


Setidaiis  aleurodiforiis*  Stephens  tiithycaabe  1922;  Rousset  1966  [Clausen  19903;  [Richards  4  372. 

Davies  19773 


Si.  Hantispoidea 
Dilaridae 

KailacAius  aaericanus*  (HacLachlan) 
Berothidae 

[oaaiyia  Jatipenais*  Carpenter 

Hantispidae 
Rantispa  pagaoa 


Burney  1997 

[Gurney  19973;  Tauber  4  Tauber 
1968 


[Borror,  DeLong  4  Triplehorn  373. 
19761;  [Arnett  19853 

[Borror,  DeLong  4  Triplehorn  379. 
19763;  [Arnett  19853 


[Packard  18983;  [Craapton  1921c,  [Clausen  19903;  Borror,  375. 
1932;  [DuPorte  1996A3;  [Ross  19823  DeLong  4  Triplehorn  1976 


Plega  signata  (Hagen) 


Ferris  1990 


[Borror,  DeLong  4  Triplehorn  376. 
19763;  [Arnett  19853 
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taxon 

•outhpart-aorphology  data 

dietary  data 

no. 

St.  Qsayloidea 

Neurarthidae 

Meurorthus  faliax*  (Raabur) 

Zwick  1947 

Zwick  1947 

377. 

Qsaylidae 

flsiyius  cftrysops*  Linneaus 

Sisyridae 

[Craapton  1921c];  Mithycoabe 

[Clausen  19401;  Arnett  1985 

378. 

Cliaacea* 

Craapton  1921c;  Mithycoabe  1924; 
Brown  1952 

[Richards  4  Davies  19771; 
[Arnett  19851 

379. 

Sisyra  uihrata  Needhaa 

Anthony  1902;  [Craapton  I921d; 
Mithycoabe  1922,  1924 

[Borror,  Oelong  &  Triplehorn 
19741 

380. 

St.  Heaerobioidea 

Heaerobiidae 

fiei erobits*  sp. 

Evans  1921;  Mitycoabe  1922; 
Snodgrass  1947;  tSenay  19531 

Swan  4  Papp  1972;  Hilne  & 
Hilne  1980 

381. 

Psectra  dipterua  (Buraeister) 

Craapton  1921c;  Millington  1934 

[Arnett  19851 

382. 

Keiaaelius  quadrifasciatus  (Reuter) 

Millington  1934 

Millington  1934 

383. 

Chrysopidae 

Chrysopa  per  la  Linneaus 

[Metcalt  19291;  [Craapton  1921cl; 
[horse  19311;  [Hiller  19331; 

[Hoyt  19521;  [Principi  19541 

Hilne  4  Hilne  1980 

3B4. 

Chrysopi*  sp. 

Mithycoabe  1922,  1924;  Hoyt  1952; 
Principi  1954;  Rousset  1944 

Swan  4  Papp  1972;  [Richards 

4  Davies  19771 

385. 

St.  Hyraeleontoidea 

Psychopsidae 

Psychopsxs  eieg ans* 

Craapton  1921c;  Mithycoabe  1924 

Clausen  1940 

384. 

Heaopteridae 

Croce  fiiipeBBis*  Mestwood 

Mithycoabe  1923;  Inas  1911 

laws  1911 

387. 

deioptera  sisuata 

Craapton  1917b,  1921a,  1923b 

[Arnett  19851 

CO 

CO 

bO 

Heiopterella  sp. 

Acker  1958 

[Arnett  19851 

389. 

Paiaipenna  aeoieoptera  Picker 

Picker  19B7 

Picker  1987 

390. 

Sienorrfiachus  waiteri  HacLachlan 

Hoyt  1952;  Acker  1958 

[Arnett  19851 

391. 

Nyaphidae 

Nyaphes  sp. 

Craapton  1921c 

[Clausen  19401 

392. 

Ascalaphidae 

Ascaiaphus  Iibelluloides  Schaetter 

Dezaly  1940 

[Richards  &  Davies  19771 

393. 

Ascalaphus*  sp. 

CCraapton  1921cl;  Mithycoabe  1924 

iiithycQfibe  1924 

394. 

Stilbopterygidae 

Stiihopteryx  sp. 

Craapton  1921c;  Miaains  1940; 

Riek  1948 

diet  undocuaented 

395. 
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taxon 

Myrseleontidae 

louthpart-norphology  data 

dietary  data 

no. 

Hyrieieon  suropaeus  Linneaus 

[Packard  18983 j  [Snodgrass  19353; 
Sunderneier  1940;  Korn  1943 

McClure  1983;  Arnett  1985 

396. 

Hyraeleoo  fonicarius*  Linneaus 

COLEOPTERA 

So.  Archostennata 

Onaatidae 

Cupedidae 

[Denitz  18B23;  Lozinski  1908; 
[Sunderneier  19403;  [Korn  19433; 
[Snodgrass  19473;  [Ronoser  19733 

[Clausen  19403;  Bri-F-f iths 
1980;  Milne  6  Milne  1980; 
McClure  1983 

397. 

Cupes  sp. 

Hicroaalthidae 

Pauly  1915;  Stickney  1923 

Cronson  1981 

398. 

Microiaithiis  dtbilis  LeConte 

So.  Hyxophaga 

Lepiceridae 

Torridincolidae 

Stickney  1923;  Crowson  1981 

Cronson  1981 

399. 

Torridincola  rbodesica  Steffan 
Sphaeriidae 

Steffan  1964 

Laurence  1982 

400. 

Sphaerius  poiitus  Horn 
Hydroscaphidae 

Stickney  1923;  Cronson  1981 

Cronson  1981 

401. 

Hydroscapha  natans*  LeConte 

So.  Adephaga 

Rhysodidae 

Bfiving  Si  Craighead  1931;  Arnett 
1963;  Herr  it  it  Cunnins  1984 

Merritt  6  Cunnins  1984; 
McCafferty  6  Provonsha  1983 

402. 

Cliaidim  aexicaaui  Chevrolat 

Pauly  1915 

Balduf  1935;  tPruthi  19693 

403. 

flnoglyias  auric  anus  Laporte 
Carabidae 

Pauly  1915;  Stickney  1923 

Evans  St  Forsythe  1985 

404. 

/tiara  sp. 

[Pauly  19153;  Dorsey  1943; 
[Zhavoronkova  19693;  [Evans  St 
it  Forsythe  19853 

Richards  6  Davies  1977;  Hen- 
geveld  1981;  Cronson  1981; 
Forsythe  1982 

405. 

Eadister*  sp. 

Ghilarov  1964 

Richards  6  Davies  1977 

406. 

Calcsoia  inquisitor  Linneaus 

[Pauly  19153;  [Stickney  19233; 

[Milne  6  Milne  19803 

407. 

Caiosoia  sycophants*  Linneaus 

Peterson  1951 

Peterson  1951 

408. 

Caraius  auroiiteas 

♦ 

[Kadic  19023;  Bugnion  1920; 
[Solden  19253;  [Zhavoronkova 
19693;  [Forsythe  19823 

[Milne  it  Milne  19803 

409. 

Caraims*  sp. 

Das  1938;  Richards  it  Davies  1977 

Clausen  1940;  Cronson  1981 

410. 
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taxon 

aouthpart-aorpholagy  data 

dietary  data 

no. 

Ciciadela  caipestris  Linneaus 

CBerlese  19091;  CPauly  19151; 
[Killians  19381;  [Cook  19431; 
CPearson  4  Hury  19791;  Forsythe 
1983;  Evans  &  Forsythe  1985 

Hilne  4  Milne  1980 

411. 

Ciciadeia  birticollis*  Say 

Anderson  1936;  Peterson  1951; 
Steinnann  &  Zonbori  1984 

Milne  4  Hilne  1980 

412. 

Cydirus  sp. 

Pauly  1915;  Forsythe  19B2 

Forsythe  1982;  Evans  4 
Forsythe  1985 

413. 

Drypta  sp. 

Evans  4  Forsythe  1985 

Evans  4  Forsythe  1985 

414. 

Harpalus  caiigacsus  (Fabricius) 

Saith  1898;  CPauly  19151;  Cranp- 
ton  1921,  1932;  Dorsey  1943; 

[Evans  1965cl;  [Zhavoronkova 

19691 

Croxson  1981;  [Forsythe 

19821 

415. 

Harpaius*  sp. 

Anderson  1936;  Peterson  1951; 
Striganova  1967 

Peterson  1951 

416. 

ioricera  piiiconis  (Fabricius) 

Pauly  1915;  Forsythe  19B2 

Hone  1976;  Hengeveld  1981; 
Croxson  1981;  Forsythe  1982 

417. 

ioricera*  sp. 

Schiodte  1861/1833;  Richards  6 
Davies  1977;  [Bauer  4  Kredler 

19881 

Peterson  1951;  [Bauer  4 
Kredler  19883 ' 

418. 

flegacephala  kltigi  Cuaudonneret 

Pauly  1915;  Croxson  1981 

[Balduf  19351 

419. 

Hebri a  irevicoins  (Fabricius) 

[Berlese  19091;  Pauly  1915; 

Evans  1965b,  1965c;  [Rudolph 

19701;  [Forsythe  19821 

Williaos  1959;  Evans  1965a; 
Hengeveld  1981;  CroNSon  1981; 
[Forsythe  19823 

420. 

Kebria*  sp. 

[Berlese  19091;  Pauly  1915;  Evans 
1965b,  1965c;  [Rudolph  19701; 
[Forsythe  19821 

Killians  1959;  Evans  1965a; 
Hengeveld  1981;  Croxson 

1981;  [Forsythe  19823 

421. 

Paussas  sp. 

Berlese  1909j;  Pauly  1915; 
Uilliaas  1938;  Croxson  1981 

Croxson  1981 

422. 

Pterostichus  aadidas  (Fabricius) 

Evans  1965c;  [Witzke  19731; 
[Forsythe  19821;  Evans  4  For¬ 
sythe  19851 

Hilne  4  Hilne  1980;  Croxson 
19B1;  [Hengeveld  19811;  For¬ 
sythe  1982 

423. 

Scarites*  sp. 

Snodgrass  1928,  1935,  1960; 

Bitsch  1966 

Pruthi  1969 

424. 

Stoxis  puxicatus  (Panzer) 

Forsythe  1983 

Forsythe  1983 

425. 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Tetrarcha  sp. 

CStickney  19231;  Cook  1943 

Hilne  6  Hilne  1980 

426. 

Tree tius  quadristriatus  (Schrank) 

[Pauly  19151;  [Jeannel  19601; 
Forsythe  19S3 

Crowson  1981 

427. 

Tricondylia  aptera  Olivier 

Pauly  1915 

BalduP  1935 

428. 

Haliplidae 

Sryehius*  sp. 

Jaboulet  1960 

Herritt  b  Cuaains  1984 

429. 

Haliplus*  sp. 

Peterson  1951;  Jaboulet  1960; 
Bitsch  1966 

Crowson  1981;  Herritt  b 
Cuaains  1984 

430. 

teltotytes  duodeciapunctaius 

[Pauly  19151;  Stickney  1923; 
HcCaPferty  it  Provoshna  1984 

KcCat-ferty  b  Provonsha 

1983 

431. 

Peltodytes*  sp. 

Peterson  1951;  Jaboulet  1960; 

Crowson  1981;  Herritt  b 
Cuaains  1984 

432. 

Aaphizoidae 

Aipftizoa  probably  insoiens  LeConte 

Pauly  1915;  [Stickney  19231; 
Hilliaas  1938 

Herritt  &  Cueams  1984 

433. 

Hygrobiidaa 

Pelobia  tardus  Herbst 

Pauly  1915;  Baltour-Broune  1922 

Balfour -Browne  1922 

434. 

Hoteridae 

Kydrocaothus  Piridicoior*  Say 

Peterson  1951;  [Richards  it  Davies 
19771;  HcCatPerty  It  Provoshna 

1984 

Peterson  1951;  HcCaPPerty  it 
Provoshna  1984 

435. 

Dytiscidae 

Colyabetes  scu iptiiis  Harris 

Hilliaas  1938;  HcCaPPerty  it 
Provoshna  1984 

Crowson  1981;  Herritt  it 
Cuaains  1984 

436. 

Cybister  fiabrioiatus*  Say 

Peterson  1951;  [DeHarzo  1977a, 
19791 

Peterson  1951 

437. 

Jytiscus  circuacioctus  Ahrens 

[Berlese  19091;  Pauly  1915; 

Solden  1925;  Richards  it  Davies 
1977;  [Crottson  19811 

Hilne  it  Hilne  1980;  [Crowson 
19811 

438. 

Dytiscus*  sp. 

Burqess  1881;  Berlese  1909; 
[Blunck  1916,  19181;  Korschelt 
1924;  Anderson  1936;  Snodgrass 
1947;  Peterson  1951;  [DeHarzo 
1977a,  19791 

Hilne  it  Hilne  1980 

439. 

dyphydrus  aubei*  Sanglbauer 

DeHarzo  1977b,  1978,  1979 

[Lattrence  19821 

440. 

taccopbiius  testaceus*  Aube 

DeHarzo  1976b,  1978 

[Laurence  1.9821 

441. 

dreodytes  riralis*  Syllenhal 

DeHarzo  1976b,  1977b,  197B,  1979 

[Lawrence  19821 

442. 
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turn 

aouthpart-aorphology  data 

dietary  data 

no. 

Syrinidae 

Diaeutes  discolor  Aube 

Pauly  1915;  [Stickney  19231; 

Milne  4  Milne  1980;  Merritt 

443. 

CWilliaas  19391;  Dorsey  1943 

&  Cuaains  1984 

Dioeutes*  sp. 

Anderson  1936;  Dorsey  1943; 

Milne  tt  Milne  1980;  Merritt 

444. 

Peterson  1951 

Si  Cuaains  1984 

Syrians  substriatas  Stephens 

[Pauly  19151;  Honoaichl  1975 

[Poulton  19061;  Merritt  & 
Cuaains  1984 

445. 

Drechtocbiias  villosus*  Muller 

Noars  1956;  Bitsch  1966 

Clausen  1940 

446. 

So.  Polyphaga 

Sf.  Staphylinoidea 

Hydraenidae 

ticket ib ins  iipressns*  Marshal 

Bflving  6  Craighead  1931;  Peter¬ 
son  1951;  Arnett  1963 

Merritt  4  Cuaains  1984 

447. 

Ptiliidae 

Cepbaloplectos  in s  Mann 

Agyrtidae 

Leiodidae 

Seevers  4  Dybas  1943 

Seevers  Si  Dybas  1943 

44B. 

Aaisotoaa  bhochirdi*  Korn 

Bflving  6  Craighead  1931;  Lau¬ 
rence  1977;  Laurence  &  Neuton 

Crouson  1981 

449. 

1980 

Cainosternui  iihricatui  Notaan 

Wheeler  1986 

Wheeler  1986 

450. 

Speopbyes  Incidnlnse  (Delarouzeel 

Feif-fe  1965;  Corbiere  1967 

[Borrar,  DeLong  Si  Tripleharn 
1976 

451. 

Leptinidae 

Leptiaus  test aceus  Muller 

Stickney  1923;  CCraapton  1923b, 
19321;  Milliais  1938 

Crouson  19B1 

452. 

Platypsyllidae 

Platypsyllus  sp. 

CStickney  19231;  Craapton  1923b, 

Medvedev  4  Vysotzfcaya  1969; 

453. 

1932;  CWillians  19381 

Arnett  6  Jacques  1981 

Scydnaenidae 

Scydnaenus  tarsatns*  Muller 
Micropeplidae 

Dasyceridae 

Silphidae 

Meinert  1888 

Meinert  18BB;  Crouson  1981 

454. 

Hecropboroas  sp. 

Craapton  1921c;  [Stickney  19231 

Milne  4  Milne  1980;  Crouson 
1981;  Peschke  et.  al.  1987 

455. 

Silpha  aaericaaa  Linneaus 

Williaas  1938;  Dorsey  1943;  Du- 

Milne  4  Milne  1930;  Arnett  4 

456. 

Porte  1962c;  Richards  St  Davies 

Jacques  1981;  [Peschke  et  al. 

1977 

1987 

Silpb a  oovehoracensis  Forster 

[Snodgrass  1928,  1935,  19601; 

Milne  4  Milne  1980;  Arnett  4 

457. 

[Anderson  19361;  Lengerken  1938; 

Jacques  1981;  [Peschke  et  al. 

[Dorsey  19431;  [Bitsch  19661; 
Peterson  1951 

1987 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

7banatophiius-e  sp. 

Staphylinidae 

CCraapton  1921c3;  Das  1938; 
[Lengerken  1938] 

Lengerken  1938;  Peschke  et 
al.  1987 

45B. 

Agarzcocbara  Iaericoiiis  Kraatz 

Ashe  1984b 

Ashe  1984a,  1984b 

459. 

Bracbida  exig ua  Heer 

Ashe  1984b 

Ashe  1984a,  1984b 

440. 

Brachycbara  probably  crassa  Sharp 

Ashe  1984b 

Ashe  1984a,  1984b 

441. 

Crtophilus  rillosus  Sravenhorst 

Stickney  1923;  Blackueider  1934, 
1934 

[Clausen  19403;  Peschke  et 
al.  1987 

442. 

Diaaous  co eruiesceas 

Heinreich  1948 

diet  undocuaented 

443. 

fau'crota  corruscula  (Erichson) 

Ashe  1984b 

Ashe  1984a,  1984b 

444. 

Syropbaeta  aiihis  Sahlberg 

Ashe  1934b 

Ashe  1984a,  1984b 

445. 

Loeblias  oepa iensis  Pace 

Pace  1985 

Pace  1985 

444. 

Hegaquedius  expianatus 

Evans  1942;  Cook  1943 

Crouson  1981 

447. 

Pacborbo gala  jeaaeii  Levasseur 

Levasseur  1945 

diet  undocuaented 

448. 

Phanerota  insigniventris  (Caaeron) 

Ashe  1984b 

Ashe  1984a,  1984b 

449. 

Phiiont/ias  decor  as  (6ravenhorst) 

[Blackuelder  19341;  Evans  1945a, 
1945c;  Heinreich  1948 

Balduf  1935;  [Clausen  19403; 
Crouson  1981;  [Peschke  et  al. 
1987 

470. 

Pseudolignota  aifiais  Caaeron 

Ashe  1984b 

Ashe  1984a,  1984b 

471. 

Staphylim  olens  Muller 

ISnodgrass  1935,  19403;  [Hilliaas 
19383;  Schaitz  1943;  Evans 

1945c;  Heinreich  1948 

Baldu-f  1935;  Pesche  et  ai. 
1987 

472. 

Stapbylinos*  sp. 

[Snodgrass  19403;  Bitsch  1944; 
Cronson  1981 

Balduf  1935 

473. 

Stem  bipunctatus  Erichson 

[Stickney  19233;  [Blackuelder 
19343;  Schaitz  1943;  Heinreich 
194B 

Crouson  1981 

474. 

Stem  bigattatus*  Linneaus 

Clleinert  18873;  Heinreich  1948 

Heinreich  1948 

475. 

Sternotropa  brer  icon  is  Caaeron 

Ashe  1984b 

Ashe  1984a,  1984b 

474. 

tbinopim  pictus*  LeConte 

Snodgrass  1935,  1940;  Bitsch  1944 

[Milne  &  Milne  19803 

477. 
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taxon 

Pselaphidae 

ihhascepsis  bistriatus  Linneaus 

Trichoayx  sulcicollis*  Reichenbach 
St.  Hydrophiloidea 
Hydrophilidae 
Acsioaicrus  pusio  Saetana 

Berosus  sp. 

Kydrabius  *  sp. 

Hydrocbus  squaiifer*  LeConte 
Hydropbilus  caraboides*  Linneaus 

By dropbiius  obtusatus  Say 


aouthpart-aorphology  data 

Park  1942 
Besuchet  1956 

Saetana  1975 

CPu  1936];  Conk  1943;  Croason 
1967 

Baulins  1959;  Bitsch  1966 

BBving  6  Craighead  i 93 1 

CCraapton  1921c];  [Snodgrass 
1944,  I960];  Moulins  1959 

CSaith  1898];  CBerlese  19091; 
Stickney  1923;  [Golden  19253; 

[Pu  19363;  Snodgrass  1947; 
Richards  6  Davies  1977 

Anderson  1936;  [Anschau  19503; 
Peterson  1951 

Houlins  1959;  Bitsch  1966 

Bfiving  it  Craighead  1931 

[Hilliaas  19383;  Dorsey  1943 

Peterson  1951;  Bitsch  1966; 
Quennedey  1965;  Croason  1981 

Uilliaas  1933;  Merritt  &  Cusains 
1984 

Stickney  1923;  Uilliaas  1938; 
Stickney  1923;  Hilliaas  1936 

[Stickney  19233;  Uilliaas  1938 

Anderson  1936;  [Peterson  19513 


dietary  data 

no. 

Park  1942 

478. 

Besuchet  1956 

479. 

Saetana  1975 

480. 

Saetana  1975 

481. 

Croason  1981;  Merritt  fc 
Cuaains  1984 

4B2. 

Merritt  6  Cuaains  1984 

483. 

Milne  6  Milne  1960 

484. 

Milne  it  Milne  1980;  Croason 
1981 

4B5. 

Croason  1981 

486. 

Croason  1981 

487. 

White  19833 

488. 

Pruthi  1969 

489. 

Croason  1981 

490. 

Merritt  6  Cuaains  1984 

491. 

[Merritt  6  Cuaains  19843 

492. 

Croason  1981 

493. 

[Poulton  19063;  Milne  i  Milne  494. 
1980;  Peschke  at  a l.  1987 

[Arnett  6  Jacques  19813 

495. 

Hydrous  triaagulatis*  Say 

fbilbydrus  tesfaceus*  Fabricius 
Spercbus  eaargiaatus *  Schall 
Spbaeridiua  scarabaeoides  Linneaus 
SphaeridiaH  sp. 


Tropisiernus  glaber  Herbst 
6eoryssidae 

Seoryssus  iaevicoiiis  Seraar 
Sphaeritidae 

Sphaerites  giabratus  (Fabricius) 
Synteliidae 
Histeridae 

Hister  obtusatus  Harris 


Boioiepta*  sp. 
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taxon 

St.  Eucinetoidea 

Eucinetidae 

nouthpart-aorphology  data 

dietary  data 

no. 

Euciaetus  leridi'onaiis  Casteinau 

CStickney  1923];  Vit  1977 

Crowson  1981;  Hhite  1983 

496. 

Euciaetus  i orio*  LeConte 

Bfiving  4  Craighead  1931; 

Laurence  4  Newton  19B0 

Lawrence  4  Newton  1980; 

Khite  1983 

497. 

Jen tortus  piauiatni  Vit 

Vit  1977;  Chaudonneret  1989a 

[Richards  1  Davies  19771 

498. 

Tebkleztas  posticus  Vit 

Clanbidae 

Vit  1977,  1981 

Crowson  1981;  Khite  1983 

499. 

Clanius  puactuiatua  Becker 

Scirtidae 

CStickney  19231;  Killians  1938; 
Crowson  1967 

[Borror,  DeLong  4  Triplehorn 
1976 

500. 

Eludes  aargiaata*  Fabricius 

[Carpenter  4  HacDowell  19121; 
Bfiving  4  Craighead  1931;  Beier 
1952;  Hatsuda  1965 

Crowson  1981 

501. 

Prionocyphon  discoideuse  (Say) 

Bfiving  4  Craighead  1931;  Ander¬ 
son  1936;  Herritt  6  Cuasins  1984 

NcCafferty  4  Provonsha  1983 
1983 

502. 

Scirtes  tibialis  Suerin 

Sf.  Dascilloidea 

Bascillidae 

Loibardi  1928;  [Killians  19381; 
NcCafferty  6  Provoshna  19B3 

Herritt  6  Cunnins  1984 

503. 

dascillus  cerritus*  Linneaus 

Sahan  1908;  Carpenter  &  HcDowell 
1912;  Verhoeff  1923;  Bfiving  6 
Craighead  1931 

Sahan  1908;  Crowson  1981 

504. 

fricbentoia  ckildreti*  6ray 
Rhipiceridae 

Sahan  1908 

Sahan  1908;  [Khite  19831 

505. 

Sandaius  tiger  Knoch 

Sf.  Scarabaeoidea 

Lucanidae 

Stickney  1923;  [Killians  19381 

[Clausen  19401;  Crowson  1981 

506. 

Lucanus  cerrus  Linneaus 

CBerlese  19091;  Jawlowski  1936; 
Borror,  DeLung  and  Triplehorn 

1976;  Richards  &  Davies  1977 

Hilne  4  Hilne  1980;  Arnett  4 
Jacques  1981;  Khite  1983 

507. 

Lucanus  cervus*  Linneaus 

[Bfiving  6  Craighead  19311;  Das 
1938;  Striganova  1967 

Hilne  4  Hilne  1980;  Arnett  4 
Jacques  1981 

50B. 

Pseudoiucaaus  capreoius  (Linneaus) 

Stickney  1923;  Killians  1938 

Hilne  4  Hilne  1980 

509. 

Siaodendron  cyiindricui*  Linneaus 

Passat idae 

Bfiving  4  Craighead  1931;  [Das 

19381 

[Hilne  4  Hilne  19801;  Hhite 
1983 

510. 

Passaius  canatus  Fabricus 

Packard  1898;  Stickney  1923; 
Killians  1938 

Borror,  DeLong  4  Triplehorn 
1976 

511. 
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tax  an 

aouthpart-aorpholagy  data 

dietary  data 

no. 

Passahs  coreutus*  Fabricius 

CCraapton  !928bl;  Hayes  1928; 
B&ving  &  Craighead  1931 

Crouson  1981 

512. 

Popilius  iisjmcias*  Illiger 

Hayes  1928;  Hiznay  A  Krause 

Borror,  DeLong  A  Triplehorn 

513. 

1955 

1974 

Trogidae 

Trox  scaber*  Linneaus 

Bfiving  A  Craighead  1931 

Bertin  1923;  Hhite  1983; 
Peschke  et  ai.  1987 

514. 

Ceratacanthidae 

Pleacoaidae 

6eotrupidae 

Geotrupes  sterctrarius  Linneaus 

Bertin  1923;  CNilliaas  19381; 

Houden  1955;  Peschke  et  ai. 

515. 

[Houden  19551 

1987 

ffeotrupes  spiendidus*  Fabricius 

[Carpenter  A  HcDouell  19121; 
[Hayes  19281;  Houden  1955 

White  1983;  [Peschke  et  ai. 

514. 

Diphyllostosatidae 

Dipbyilosieaa  Ihsleyi  Fall 
Scarabaeidae 

Hollouay  1972 

Hollouay  1972 

517. 

Aipbiaaiioi  lajaiis  (Razoysouski ) 

Butt  1944 

Butt  1944;  Johnson  A  Lyon 
1974 

518. 

AipbiialJon  aajaiist  (Razoyaouski) 

Butt  1944 

Johnson  A  Lyon  1974 

519. 

Aeastrategas  spieodeos*  Beauvois 

Bfiving  A  Craighead  1931 

[White  19831 

520. 

Aserica  castaeea*  Arrau 

Bfiving  A  Craighead  1931 

[White  19831 

521. 

Cetooia  aurata  Linneaus 

Bertin  1923;  Barth  19B5 

Bertin  1923;  Crottson  1981 

522. 

fieioioaiba  bippocastani*  Fabricius 

Subkleu  1938 

Subkleu  1938;  [Laurence 

19821 

523. 

fleioioatba  vulgaris  Fabricius 

Kadic  1902;  Bertin  1923;  Oster- 
uald  1954 

Bertin  1923;  Crouson  1981 

524. 

beodoa  pecuarius  (Reiche) 

Came  1957 

Carne  1957 

525. 

Oryctes  grypus 

Bertin  1923 

Bertin  1923;  Hill  1983 

524. 

ffryc tes  aasicorais*  Linneaus 

Craie  1957;  Bitsch  1944 

(Carne  19571 

527. 

Pbyiiopbaga  rvgts a*  Melsheiaer 

Peterson  1951 

Bertin  1923;  Brues  1972; 
Lauton  1974 

528. 

Piielopsis  porcellus  Erichson 

Carne  1957 

Came  1957 

529. 

Popillia  japoaica  Neman 

Hayes  1928;  Dorsey  1943 

tfestcott  1944;  Johnson  A 

Lyon  1974 

530. 
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taxon 

aauthpart  aorphalogy  data 

dietary  data 

no. 

Popiilia  jap onica*  Neman 

Snodgrass  1928,  1935,  1947, 

Johnson  k  Lyon  1976;  Milne  k 

531. 

1950,  i960;  Bflving  0  Craighead 
1931;  Peterson  1951;  Bitsch  1966 

Milne  1980 

Scarahaeus  steer  Linneaus 

Sf.  Byrrhoidea 

Bertin  1923 

Bertin  1923;  Carne  1957 

532. 

Byrrhidae 

Syrr/ius  aiericaoa  LeConte 

Stickney  1923;  Nilliaas  1938 

Crouson  1981 

533. 

Byrrhus  faseiatust  Forster 

Bdving  &  Craighead  1931;  [Ander¬ 
son  19361;  [Dorsey  19431;  [Peter¬ 
son  19511 

Crouson  1981 

534. 

St.  Buprestoidea 

Buprestidae 

Chalcopfiora  rirgioietsis*  Drury 

Cranpton  1921c;  Bdving  k  Craig¬ 

Uvarov  192B;  [Milne  k  Milne 

535. 

head  1931;  [Snodgrass  1947, 

19601;  Peterson  1951 

19801 

Cbrysobotbris  fetor  ate*  Olivier 

Bdving  l  Craignead  1931;  Peterson 

Boving  k  Craighead  1931; 

536. 

1951 

Peterson  1951 

St.  Bryopoidea 

Eulichadidae 

Callirhiphidae 

Ptilodactylidae 

Ptilodactyla  serricollis*  (Say) 

Bdving  &  Craighead  1931;  Anderson 
1936;  Dorsey  1943 

Crouson  1981 

537. 

Chelonariidae 

Cheioaariai  ornatui  Klug 

Heteroceridae 

[Stickney  19231;  Nilliaas  1938 

Nhite  1983 

53B. 

beterocerus  paralleled  Krynick 

[Stickney  19231;  Nilliaas  1938; 
[Hhite  19831 

Crouson  19B1 

539. 

Lianichidae 

Linitis  troglodytes*  Gyllenhal 

Bdving  k  Craignead  1931;  [Dela- 
chaabre  19651;  [Bitsch  19661 

[Merritt  k  Cuaains  19841 

540. 

Lutrochidae 

iutroctius  ariionicus  Braun  k  Nurvosh 
Dryopidae 

Broun  l  Nurvosh  1970 

Merritt  k  Cunnings  1984 

541. 

Kelic/ius  fastiqatus  (Say) 

[Stickney  19231;  Dorsey  1943; 

McCafterty  k  Provoshna  1983; 

542. 

HcCafterty  k  Provoshna  1983 

Merritt  k  Cuaains  1984 

beliebus*  sp. 

Bdving  k  Craighead  1931;  [Peter¬ 
son  19511 

Peterson  1951 

543. 

biolus*  sp. 

Elainthidae 

Harvillet  1960 

McCatterty  k  Provoshna  1983 

544. 

Steaehis  crenata*  Say 

Bdving  k  Craighead  1931;  [Peter¬ 
son  19511 

Merritt  k  Cuaains  1984 

545. 

Psephenidae 

Psepbeeus  lecoatei  (LeConte) 

Stickney  1923;  Nilliaas  1938 

Arnett  1963;  Crouson  1981; 
Merritt  k  Cuaains  1984 

546. 
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taxon 

St.  Elateroidea 
Arteaatopidae 

Arteiatopus  discoidalis*  Pic 

Cerophytidae 
Elateridae 
Agriotes*  sp. 


Aiaus  oculatus  Linneaus 


Alans  oculatus*  Linneaus 
iloristoootus  uhlerif*  Horn 


Paraiiiiostethus  aiteauatus*  (Say) 

Cebrionidae 
Cebrio  bicolor 


Cebrio  attenuatust  SchaeF-fer 

Sestodes  teauicoUis*  Randall 
Throscidae 

7/iroscus  deraestoides  Linneaus 

Perothopidae 

Eucneiidae 

Eucseiis  capucina  Ahrens 
ielasis  rufipenis*  Horn 
Rhinorhipidae 

R/iinor/iipus  taihorieosis  Laurence 
St.  Cantharoidea 
Brachypsectridae 
Srachyspectra  fvlv»*  LeConte 
Cneoglossidae 
Hoialisidae 
Lycidae 

Calochrotis  tarsalis* 

Calopteroo  reticuiatui*  Fabricius 


•outhpart-aorphology  data 

Costa,  Cassari-Chen  4  Vanin  1985 

[Ryaer-Roberts  19311;  Das  1938; 
Peterson  1951 

Stickney  1923;  Hilliaas  193B 

Snodgrass  1947;  Peterson  1951 

Hyslop  1915;  Bdving  4  Craighead 
1931 

Dorsey  1943 

Dorsey  1943;  Peterson  1951; 
Bitsch  1986 

Stickney  1923;  Milliaas  1938; 
White  1983 

Bdving  4  Craighead  1931 
Bdving  4  Craighead  1931 
[Stickney  19231;  Hilliaas  1938 

Hilliaas  1938;  Crouson  1981 

Bbving  4  Craighead  1931;  [Peter¬ 
son  19511;  Crouson  1981 

Laurence  1987 

Bdving  4  Craighead  1931 

Gardner  1946;  Crouson  1981 

Bbving  4  Craighead  1931;  [Peter¬ 
son  19511 


dietary  data  no. 


Costa,  Cassari-Chen  4  Vanin  547. 
1985 


Ryaer-Roberts  1921;  Clausen 
1940;  CroNson  1981 

548. 

Hilne  4  Hilne  1980;  Arnett 

4  Jacques  1931 

549. 

Peterson  1951 

550. 

Hyslop  1915 

551. 

Crouson  1981 

552. 

Crouson  1981 

553. 

White  1983 

554. 

White  1983 

555. 

[Hhite  19831 

556. 

Borror,  DeLong  4  Triplehorn 
1976 

557. 

Crouson  1961 

55B. 

Peterson  1951;  [Crouson  19811  559. 

Laurence  19B7 

560. 

Hhite  1983 

561. 

6ardner  1946;  Crouson  1961 

562. 

[Peterson  19511;  Crouson 

1981 

563. 

deotrichopborus  carolittetsis  (Schaet- 
ferl 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Eros  aurora*  Herbst 

Verhoef-f  1923;  [BSving  It  Craig¬ 
head  1931) 

White  19831;  Crowson  1981 

564. 

Lycos  sp. 

Craapton  1923;  [Arnett  19631 

CroNson  1981;  [Arnett  it 
Jacques  19811 

565. 

Drilidae 

Driiius  coacoior*  Ahrens 

BSving  it  Craighead  1931 

BSving  t>  Craighead  1931 

566. 

Phenogodidae 

Pfienogodes  fatieoliis*  LeConte 

BBving  l  Craighead  1931;  Peter¬ 
son  1951 

Peterson  1951;  White  1983 

567. 

Phenogodes  sp. 

[Stickney  19231;  Hilliaas  1938; 
[Arnett  19631 

Clausen  1940;  CroHson  1981 

568. 

Telegeusidae 

Laapyridae 

Lanpyris  ooctiluca*  tinneaus 

Vogel  1915;  BSving  k  Craighead 
1931;  Jeannel  1960 

Clausen  1940;  Peterson  1951 

569. 

Laaprophoras  teneirosus*  Walker 

Raj  1943;  6ardner  1946 

Bardner  1946;  Arnett  1963 

570. 

tuciola  duiia*  Olivier 

Bardner  1946;  [Arnett  19631 

[Clausen  19401 

571. 

Phot  inns  pyralis*  Linneaus 

BSving  6  Craighead  1931;  [Peter¬ 
son  19511 

Peterson  1951;  Hhite  1983 

572. 

Pfioturus  pennsybaaica*  DeBeer 

BSving  St  Craighead  1931;  [Peter¬ 
son  19511 

Peterson  1951;  Hhite  1983 

573. 

Oaethidae 

Cantharidae 

Cantharis  andersoa i  Forster 

[Stickney  19231;  Hilliaas  1938 

CroHson  1981 

574. 

Cantbaris  rustica*  Fall 

BSving  6  Craighead  1931;  [Peter¬ 
son  19511;  [Bitsch  19661 

Crowson  1931 

575. 

Chauiiognathus  penasylvaaicus  (DeBeer)  [Craapton  1921c);  Stickney  1923; 

Caapau  1940;  Dorsey  1943; 

[Arnett  1903) 

Clausen  1940;  Hilne  ft  Milne 
1980;  Arnett  it  Jacques  1981 

576. 

S-t.  Deraestoidea 

Derodontidae 

derodontus  aacolatus  Helsheiaer 

Stickney  1923;  Hilliaas  1938; 
[Lawrence  6  Hlavac  19791;  Crowson 
1981 

Crowson  1981 

577. 

Nosodendridae 

Hos odeadroa  calif ornicui  Horn 

[Stickney  19231;  Dorsey  1943 

Crowson  1981 

578. 

dosodendron  unicolor*  Say 

BSving  k  Craighead  1931;  [Ander¬ 
son  1936);  Peterson  1951 

Crowson  1931 

579. 

Deraestidae 

Anthrenus  fasciatns*  Herbst 

[BSving  k  Craighead  1931); 

Pradhan  1950 

Uvarov  1928;  Crowson  1981 

580. 
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axon 

■outhpart-aorphology  data 

dietary  data 

no. 

Denestes  lardarias  Linneaus 

Stickney  1923;  [Robinson  19301; 
Killians  1938;  [Dorsey  19431; 
[Hononichl  19731 

Cronson  1981;  Peschke  et  al. 
1987 

581. 

Semites  ralphas*  Fabricius 

Jacobsoniidae 

Robinson  1930;  (Boving  A  Craig¬ 
head  19311;  Bas  193B;  [DuPorte 
19461;  [Peterson  19501 

CBalduf  19351;  [Peschke  et 
al.  1987 

5B2. 

Sapbopbagas  linutus*  Sharp 

S-f.  Bostrichoidea 

Bostrichidae 

Sharp  1BB6,  Cronson  1959 

diet  undocucsnted 

583. 

Apatides  i ertis  LeConte 

Dorsey  1943;  Arnett  1963 

[Richards  6  Davies  19771 

584. 

Apatides  t'ortis*  LeConte 

Dorsey  1943;  Bitsch  1966 

Cronson  1981 

585. 

tyctus  linearis  (Soeze) 

[Stickney  19231;  Killians  193B 

White  19B3 

586. 

Scoiicia  deciivis *  LeConte 
Anobiidae 

B&ving  it  Craighead  1931 

[Arnett  19631;  Khite  1983 

587. 

Anoiiui  striatai* 

Verhoeii  1923 

Khite  1983 

588. 

Trichodesia  ilagesi*  Fallen 

Ptinidae 

B&ving  &  Craighead  1931;  [Snod¬ 
grass  19471;  [Peterson  19511 

Cronson  1981 

589. 

Oligoaeras  braateas  Olivier 

Stickney  1923;  Killians  193B 

Cronson  1981 

590. 

Oligoaeras  far*  Linneaus 

Si.  Lyiexyloidea 

Lyaexylidae 

Bbving  6  Craighead  1931;  [Das 
19381;  [Peterson  19511 

[Cronson  19811;  Khite  1983 

591. 

Hylecoetas  lagabris  Say 

Si.  Cleroidea 

Phoiophilidae 

Trogossitidae 

Stickney  1923;  [Killians  19381; 
Dorsey  1943 

Cronson  1981 

592. 

Calitys  scabra*  Thunberg 

BOving  &  Craighead  1931 

[Khite  19831 

593. 

Proianas*  sp. 

[Arnett  19631;  Cronson  1961 

[Cronson  19811 

594. 

Teaebroides  aanas*  Nelsheiaer 

Bbving  4  Craighead  1931;  [Das 
19381;  (Peterson  19511;  Hinton 

[Johnson  6  Lyon  19761 

595. 

1963 

Teinochiia  viris cess*  Fabricius 
Chaetasoiatidae 

Cleridae 

Bflving  6  Craighead  1931 

[Khite  19831 

?96. 

Calliieris  arcafer*  Chapin 

Bbving  6  Craighead  1931 

[Khite  19831 

597. 

Emciaras  lecoetei*  Knlcott 

Bbving  6  Craighead  1931;  [Peter¬ 
son  19511 

Peterson  1951 

598. 
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no. 

Wecrobia  rufipes*  (Fabricius) 

Peterson  1951 

Peterson  1951;  [Peschke  et 
al.  19871 

599. 

Trichodes  oriatas  Say 

Phycosecidae 

Acanthocneaidae 

Helyridae 

[Stickney  19231;  Williais  1938 

Clausen  1940;  CHilne  4  Hilne 
19811 

600. 

.  Dasytes  coeruieus*  DeBeer 

Bfiving  4  Craighead  1931 

[White  19311 

601. 

dalacbius  bipustulatus  Linneaus 

SF.  Cucjoidea 

Protocucujidae 

Sphindidae 

[Williais  19381;  Schicha  1967; 
Barth  1985 

Schicha  1967;  [Arnett  4 
Jacques  19811 

602. 

Spbitdus  dabius  Byllenhai 

Nitidulidae 

Stickney  1923;  Williais  1938 

Croxsan  1981 

603. 

flischrochiitis  obtusatus*  Say 

VerhoeFF  1923;  Bdving  &  Craig¬ 
head  1931 

Sxan  4  Papp  1972;  [White 
19831;  [Peschke  et  ai.  19871 

604. 

Pmetopi a  sexiaeulata*  (Say) 
Rhizophagidae 

BCving  k  Craighead  1931 

Sxan  4  Papp  1972;  White  1983 

605. 

Wiizophagus  picipes  Walker 

Boganiidae 

[Stickney  19231;  [VerhoeFF  19231; 
Williais  1938 

Clausen  1940 

606. 

Bogaaiui  anstrongi  Sen  6upta  4 
Croxsan 

Phloeostichidae 

Sen  Bupta  &  Croxson  1966 

Sen  Supta  4  Croxson  1966 

607. 

Rhop/ialobracbiui  daripes*  Boheiann 

Helotidae 

Sen  Gupta  5  Croxson  1969b; 

[Croxson  19731 

Sen  Supta  4  Croxson; 

Laxrence  1982 

60B. 

Helota  genata*  6orhan 

Cucujidae 

Fukuda  1943;  Ryier-Roberts  1958; 
Laxrence  1982 

[Laxrence  19621 

609. 

Cucujus  claripes  Fabricius 

Stickney  1923;  Williais  1938 

Hilne  4  Hilne  1980 

610. 

Caen  jus  ciaeipes*  Fabricius 

B&ving  k  Craighead  1931;  Ander¬ 
son  1936;  Peterson  1951 

Hilne  4  Hilne  19B0 

611. 

0ryzaepJii2us  surinaiensis*  (Linneaus) 

B&ving  6  Craighead  1931;  Anderson 
1936;  Peterson  1951;  HonoiichL 
1978 

Croxson  1981;  Hill  1983 

612. 

7eiepha»us  ^pallidas*  SchauF. 
Cavognathidae 

BSving  4  Craighead  1931 

White  1983 

613. 

CarognaiAa  pallivora  Croxson 

Croxson  1964;  Sen  Gupta  6 

Croxson  1969b 

Sen  Bupta  4  Croxsan  1969b 

614. 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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Cryptophagidae 

aouthpart-aorphology  data 

dietary  data 

no. 

Antherophagus  ochraceust  Helsheiier 

VerhoeFf  1923;  Biving  i  Craig¬ 
head  1931;  Arnett  1963 

Croxson  19B1 

615. 

Cryptophagus  saginatus*  Sturier 

Propalticidae 

Bflving  &  Craighead  1931;  Peter¬ 
son  19511 

Peterson  1951 

616. 

Propaiticus  siipiex*  Croxson  &  Sen 
Gupta 

Laaingtoniidae 

Croxson  k  Sen  Gupta  1969b 

diet  undocumented 

617. 

[aiingtoaiui  bmabarrease  Sen  Gupta 
l  Croxson 

Hobartiidae 

5en  Gupta  6  Croxson  1969a 

Sen  Gupta  6  Croxson  1969a 

618. 

Sydnob io ides  puie scens  Sen  Gupta  i 
Croxson 

Languriidae 

Sen  Gupta  6  Croxson  1966,  1969b 

Sen  Gupta  k  Croxson  1966 

619. 

ianguria  aagustata*  Beauvois 

Erotylidae 

Bfiving  6  Craighead  1931;  (Peter¬ 
son  19511;  [Baker  6  Ellsbury 

19SB1 

Peterson  1951 

620. 

degaiodacae  fasciata  Fabricius 

Stickney  1923;  tWilliaas  19381; 
Ryaer-Roberts  1958 

Chujo  1969 

621. 

Tritoaa  unicoior*  Say 

Phalacridae 

Bflving  6  Craighead  1931;  Anderson 
1936;  [Peterson  19511;  [Ryaer- 
Roberts  19581 

Chujo  1969 

622. 

Phaiacrus  grossus  Erichson 

Cerylonidae 

Stickney  1923;  Williams  1938 

D’Aguilar  1944;  Croxson  1981 

623. 

Aculagnatbu;  airabilis  Oke 

Besuchet  1972;  Sen  6upta  St 

Croxson  1973 

Croxson  1981;  [White  19831 

624. 

Axioceryion  cavicolle  Grouvelle 

Sen  6upta  6  Croxson  1973 

Sen  Gupta  k  Croxson  1973 

625. 

Cautoius  sugereas  Besuchet 

Besuchet  1972;  Dajoz  1976 

[Laxrence  k  Stephan  19751; 
[Croxson  19811 

626. 

Cerylcautoius  f  lor  ideas  is  Sen  Gupta  l 
Croxson 

Sen  Gupta  6  Croxson  1973 

[Lawrence  l  Stephan  19751; 
[White  19831 

627. 

Ceryioa  iagi  Brisout 

[Sen  Gupta  k  Croxson  19731; 
[Laxrence  k  Stephan  19751;  Dajoz 
1976 

[Lawrence  l  Stephan  19751; 
Dajoz  1976 

628. 

iapecautoies  dyiasi  Sen  Gupta  l 
Croxson 

Sen  6upta  &  Croxson  1973 

[Croxson  19811;  [White  19831 

629. 

ffeogiyptoides  jaaaciensis  Dajoz 

Dajoz  1976 

Dajoz  1976 

630. 
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taxon 

■authpart-aorphology  data 

dietary  data 

no. 

Philotbenus  iicarus*  Sharp 

Corylophidae 

Sen  Supta  &  Crawson  1973;  [Dajoz 
19761;  Crowson  19B1 

Dajoz  1976 

631. 

Arthrolips ?*  sp. 

Bflving  6  Craighead  1931;  Peter¬ 
son  1951 

Peterson  1951 

632. 

Roplicneia  sallaei  Matthews 
Discoloiidae 

Pakaluk  1987 

Pafcalut  19B7 

633. 

Discoioia  cassideui*  Reutter 
Coccinellidae 

Eaden  1932 

Eaden  1932 

634. 

Aaatis  guindeciipunctata  (Olivier) 

Kellogg  1902;  [Evans  19211; 
Hilliaas  1938;  Arnett  1963 

Hodek  1973 

635. 

Cbilocorus  bivaherus*  Hulsant 

Sage  1920 

White  1983 

636. 

Cocciaelia  septeapunetata  (Linneaus) 

Pradhan  1939a,  1939b;  Grinfel'd 
1975;  Richards  6  Davies  1977 

[Milne  it  Milne  19801; 

Bronson  1981 

637. 

Epilacbaa  tarinstris  Hulsant 

[Pradhan  1939a,  1939bl;  Butt  1951 

Clausen  1940;  Crowson  1981; 
Hill  1983 

638. 

Hicroxeisea  aisilla*  LeCunte 
Sphaerosoaatidae 

Endoaychidae 

Sage  1920 

White  1983 

639. 

Eadoiyc/ras  coccineus*  Linneaus 

Bflving  1  Craighead  1931;  [Peter¬ 
son  19511 

Peterson  1951 

640. 

[ycoperdiaa  succinata*  Linneaus 

Boving  1  Craighead  1931;  Peter¬ 
son  19511 

Peterson  1951;  [White  19831 

641. 

dycetaes  hirta*  Marshas 

Lathridiidae 

Verhoeii  1923;  Bflving  it  Craig¬ 
head  1931 

Richards  4  Davies  1977; 
[White  19831 

642. 

Cartodere  costaiata*  Reitter 

Bflving  it  Craighead  1931;  [Peter¬ 
son  19511 

Peterson  1951 

643. 

Hesper obaetus*  sp. 

Biphyllidae 

Byturidae 

Bflving  it  Craighead  1931 

[hhite  19831 

644. 

By turns  toieatosus*  Fabricius 

Si.  Tenebrionoidea 

Hycetophagidae 

Verhoeii  1923;  Bflving  it  Craig¬ 
head  1931;  Peterson  1951 

Peterson  1951 

645. 

Kycetophagas  punctatus  Say 

Stickney  1923;  hilliaas  193B 

Crowson  1981 

646. 

Mycetophagus  punctatus*  Say 

Tetratoiidae 

Bflving  it  Craighead  1931;  [Ander¬ 
son  19361;  Peterson  1951 

Crowson  1981 

647. 

Penthe  obiiguata  (Fabricius) 

Stickney  1923;  hilliaas  193B; 
Arnett  1963 

[Swan  6  Papp  19721;  Hhite 
1983 

648. 
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dietary  data 

no. 

Ciidae 

649. 

Cis  boleti*  Scopoli 

VerhfoeH  1923;  CBflving  l  Craig¬ 
head  19311 

Croason  1981 

Helandryidae 
(felandry a  striata*  Say 

Bfiving  L  Craighead  1931;  [Snod¬ 
grass  1935,  19401;  Peterson  1951 

Peterson  1951;  [Khite  19831 

650. 

Hordellidae 

[ftrnett  It  Jacques  19811 

651. 

Sordelia  quadr ipuoctata  (Say) 

Dorsey  1943;  ftrnett  1963 

Crouson  1981 

Toaoxia  bidentata  (Say) 

Stickney  1923;  Killians  1938 

[Crouson  19811 

652. 

Rhipiphoridae 

Ifacrosiagon  ferranqiseui  Fabricius 

[Rivnay  19291;  6randi  1936,  1937, 
1959 

Clausen  1940;  [Khite  19831 

653. 

Ifacrosiagos  fermaginenat  Fabricius 

Brandi  1936,  1937,  1959 

Crouson  1981 

654. 

Rbipiphorous  diaidiains  Fabricius 

Craapton  1923a,  1923b;  Stickney 
1923;  [Rivnay  19291;  Killians 

1938 

Clausen  1940 

655. 

Rhizostylops  ingoireadns*  Silvestri 
Archaeocrypticidae 

Pterogeniidae 

Silvestri  1905 

[Khite  19831 

Laurence  1977 

656. 

657. 

Pterogenius  nietaeri*  Candeze 

Laurence  1977 

Colydiidae 

duioaiua  tuiercuiatui*  LeConte 

Bfiving  &  Craighead  1931 

Clausen  1940;  [Khite  19831 

658. 

Syacbita  fnligiaosa*  Helsheiaer 
Nonaaaidae 

Bfiving  &  Craighead  1931 

Peterson  1951;  [Khite  19B31 

Peterson  1951;  [Khite  19831 

659. 

660. 

ttyporhigvs  texanus*  Linell 

Peterson  1951;  ftrnett  1963 

Zopheridae 

PiieZZopsis  obcordata*  Kirby 

Bfiving  It  Craighead  1931;  Peter¬ 
son  19511 

[Peterson  19511 

661. 

Periaylopidae 

Periayiops  aaarcticus*  tldller 
Chalcodryidae 

St.  6eorge  1939;  Katt  1970 

[Katt  19701 

662. 

Katt  1974 

663. 

Cftaicorfrya*  sp. 

Tenebrionidae 

Katt  1974 

Khite  1983 

664. 

ilobatts  penasyiraaica  (DeBeer) 

Stickney  1923;  Killiaas  1938 

ftZoiates  penasyZvaaica*  (DeSeer) 

Bfiving  It  Craighead  1931 

Khite  1983 

665. 

drtbroaacra  aeaea  (Say) 

Stickney  1923;  Killiaas  1938 

White  19B3 

666. 

RopZocepbaZa  ferragiaea*  LeConte 

Bfiving  It  Craighead  1931 

Khite  1983 

667. 

Hyieaorus  pilosus *  Helsheiaer 

Bfiving  &  Craighead  1931;  [finder- 
son  19361 

Khite  1963 

668. 
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Heritas  laevis*  Olivier 

Anderson  1936;  Crouson  1981 

[Khite  19331 

669. 

Piaelia  cepfia iotes  Beauvois 

Medvedev  I960 

Crouson  1981 

670. 

Scotobates  caicaratas*  Fabricius 

Borsey  1943;  Bitsch  1966 

[Khite  19831 

671. 

Teaebrio  aoiitor  Linneaus 

[Craapton  1921cl;  Stickney  1923; 
Ooyen  (966;  Troabetta  1976 

Milne  k  Milne  1980 

672. 

Teoebrio*  sp. 

Oas  1938;  BuPorte  1946;  [Peter¬ 
son  1951 1 

Milne  tc  Milne  1980 

673. 

Cephalaidae 

CepbaiooB  leptarides  Neaaan 

Stickney  1923;  Killians  193B 

Khite  1983 

674. 

Heloidae 

Epicauta  peBBsylraBica  (DeBeer) 

[Stickney  19231;  Snodgrass  1928, 
[1932,  19601;  Keinreich  1968 

Clausen  1940;  Milne  6  Milne 
1980;  Hill  1983 

675. 

Epicauta  pe»Dsyiraaica*  (De6eer) 

Bflving  &  Craighead  1931;  [Peter¬ 
son  19511 

Milne  k  Milne  1980;  Hill 

1983 

676. 

leptopalpus  rastntus  Fabricius 

Handschin  1929;  Jeanell  1960; 
Brinfel *d  1975 

Clausen  1940;  Crouson  1981 

677. 

dacrcbasis  iuaculata  (Say) 

Borsey  1943;  Arnett  1963 

Clausen  1940 

678. 

Keiognatba  piezata  Fabricius 

Hagen  1BB1;  Saith  1B98;  Packard 
1898;  Berlese  1909;  Craapton 
1923b;  Killians  1938;  Grinfel'd 
1975;  Barth  1985 

Clausen  1940;  [Arnett  6 
Jacques  19811 

679. 

Zonitis  biliatata*  Say 

BSving  it  Craighead  1931 

[Khite  19831 

680. 

Oedoaeridae 

Caiopus  aopustus*  LeConte 

Bflving  6  Craighead  1931 

Khite  19B3 

681. 

Kacerdes  aelanura*  (Linneaus) 

Peterson  1951;  Rozen  1958 

Peterson  1951;  Rozen  195B 

682. 

Prostoaidae 

Prostoiis  aaadibalaris*  Fabricius 

Bflving  k  Craighead  1931 

[Khite  19831 

683. 

Synchroidae 

Syacbroa  punctata*  Neuaan 

Bflving  6  Craighead  1931;  Ander¬ 
son  1936;  Peterson  1951 

Peterson  1951 

684. 

Hycteridae 

dycterus  curculioeides*  Fabricius 
Boridae 

Cronson  k  de  Viedaa  1964 

Crouson  6  de  Viedaa  1964 

685. 

Trichentaaidae 

Tricbentoaa  c bildreoit  Gray 

Gahan  190B 

Bahan  1908;  [Khite  19831 

686. 

Pythidae 

Pyibo  aaericanus  Kirby 

[Stickney  19231;  Killians  1938 

diet  undocuaented 

687. 

Pyibo  niger*  Kirby 

Bflving  A  Craighead  1931;  [Ander¬ 
son  19361 

Khite  1933 

688. 
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Pyrochroidae 

fcopyrocbroa  feioralis*  LeConte 

Bflving  b  Craighead  1931;  Peterson 
1951 

White  1983 

4B9. 

Salpingidae 

Sttiaitts  uiorosus*  LeConte 

Bflving  b  Craighead  1931 

Baldu-f  1935;  [Arnett  19431 

490. 

Aegiaiites  d ebilis*  Mannerheio 

Bflving  b  Craighead  1931 

[Arnett  19431 

491. 

Anthicidae 

492. 

Anthias*  sp. 

Bflving  b  Craighead  1931;  Anderson 
1934 

Clausen  1940 

Wotom  caicaratus  Horn 

CStictney  19231;  Willi ats  193B 

Clausen  1940 

493. 

Scraptiidae 

Scraptia  seri cea*  Melsheiaer 
Euglenidae 

Bflving  b  Craighead  1931 

[White  19831 

494. 

St.  Chrysoaeloidea 

Ceranbycidae 

Cy Zlene  robiniae  Forster 

Soldian  1933;  Dorsey  1943 

Soldaan  1933;  [White  19B31 

495. 

Desaocem  palliates  Forster 

6oldaan  1933;  White  19S31 

Hilne  b  Milne  1980;  Arnett  b 
Jacques  1981 

494. 

Leptera  sp. 

6ahan  1904;  Soldaan  1933;  White 

Uvarov  1928;  6oldaan  1933; 

497. 

1983 

Hilne  b  Hilne  1980 

Honocbaiius  titillitor  Fabricius 

Soldaan  1933;  DuPorte  1944, 

Soldaan  1933;  Hilne  b  Hilne 

498. 

1942c;  Arnett  1943;  White  1983 

1980;  Arnett  b  Jacques  19B1 

flberea  tripeactata  Olivier 

Soldaan  1933;  Johnson  b  Lyon  1974 

Soldaan  1933;  Johnson  b  Lyon 
1974 

499. 

Orthosoaa*  sp. 

Bflving  b  Craighead  1931;  Anderson 
1934;  Peterson  1951 

Soldaan  1933;  [Crowson  19311 

700. 

Wiagiua*  sp. 

Packard  189B;  Bflving  b  Craighead 

Uvarov  1928;  Hilne  b  Hilne 

701. 

1931;  Das  1938 

19B0 

fetraopes  tetraopbtbalaes  (Forster) 

Stickney  1923;  Boldaan  1933; 

Soldaan  1933;  Hilne  b  Hilne 

702. 

Hi Ilians  1933 

1980;  CArnett  fc  aacques  19813 

Bruchidae 

703. 

Srucbus  discoidees  Say 

Hilliaas  1938;  [White  19B31 

Crowson  1981;  [White  19B31 

Srecbes  pisorun  Linneaus 

Bflving  1927b;  Bflving  b  Craighead 
1931;  Peterson  1951 

Swan  b  Papp  1972 

704. 

Chrysoaelidae 

Ataiasis  sagroides  Lacordaire 

Munros  1959 

[White  19831 

705. 

Crioctris  aspara gi*  Linneaus 

Bflving  b  Craighead  1931;  Peterson 
1951 

Peterson  1951 

704. 
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ffaieruceila  hiraaoica  (Jacoby) 

Khatib  1946 

Croason  1981 

707. 

Galerucelia  xanthoeelaena*  Schaeffer 

BAving  6  Craighead  1931;  (Ander¬ 
son  19361;  (Peterson  19511 

Croason  1931 

708. 

Hisp a  test acea*  Linneaus 

Srandi  1959 

Needhaa,  Frost  k  Tothill 

1928 

709. 

Leptiaotarsa  deceiiiaeata  (Say) 

Stickney  1923;  Killians  1938; 
Dorsey  1943 

(Clausen  19401;  Hilne  &  Milne  710. 
Nilne  1980;  Croason  1981 

Kegaeerus  iri&gi  HacLeay 

Monros  1959 

White  19831 

711. 

Phyiiotreta  aeeorui*  Linneaus 

6randi  1959;  Needhaa,  Frost  k 

192B 

Needhaa,  Frost  6  Tothill 

1928;  Hill  1983 

712. 

Spbaerodena  testaceua*  Fabricius 

BAving  It  Craighead  1931;  (Srandi 
19591 

diet  undocuaented 

713. 

Zeugophora  suispisose*  Fabricius 

Sf.  Curculionoidea 

Neionychidae 

Needhaa,  Frost  k  Tothill  1923; 
[BAving  &  Craighead  19311;  Erandi 
1959;  (Striganova  19671 

Needhaa,  Frost  k  Tothill 

1923 

714. 

Ciaberis  attelaboides  Fabricius 

Anthribidae 

[Stickney  19231;  (Ting  19361; 
Croason  1967 

Croason  1931 

715. 

Araecerus  fasciatus  DeBeer 

Ting  1936;  Koriaoto  1962 

(Richards  k  Davies  19771; 
White  19331 

716. 

Araecerus  Taseiatus*  DeGeer 

BAving  k  Craighead  1931;  Peterson 
1951 

Peterson  1951 

717. 

Euparias  larioreus  (Olivier) 

Dorsey  1943;  (Koriaoto  19621; 
Arnett  1963 

(Saan  k  Papp  19721;  White 
19831 

718. 

Euparias  aarioreus*  (Olivier) 
Oxycorynidae 

BAving  k  Craighead  1931 

White  19831 

719. 

Rbopaletria  elossoai  Schaeffer 

Belidae 

Ting  1936;  Kufti:  k  Barrera  19691 

Huftii  k  Barrera  1969;  Croa¬ 
son  1981 

720. 

Dicordyius  hinotatus  (Phillipi) 
Aglycyderidae 

Vanin  1976 

Vanin  1976 

721. 

Proterhiaus  aatbracias*  Perkins 

Attelabidae 

BAving  k  Craighead  1931;  Ander¬ 
son  1941 

Anderson  1941 

722. 

Rbyacbites  aenus*  Boheaan 

BAving  k  Craighead  1931 

White  19831 

723. 
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Hbpchites  auratus  Scapoli 

[Stickney  19231;  [Ting  1933, 

[Johnson  It  Lyon  19761;  Hilne 

724. 

19361;  [Horiiota  19621;  Brack- 
Egg  1973 

4  Hilne  19801 

Brentidae 

Eupsaiis  liauta  Drury 

Stickney  1923;  Ting  1936; 

Killians  1938 

[Hilne  6  Hilne  19801 

725. 

Eupsaiis  linuta*  Drury 

Bflving  6  Craighead  1931 

White  19831 

726. 

Apianidae 

Apian  stroigl'/doatis  Kagner 

Ting  1936;  [Horinoto  19621 

[Swan  tt  Papp  19721 

727. 

Ithyceridae 

It/iycerus  maeboracensis  (Forster) 

Stickney  1923;  Ting  1936; 

Killians  1938 

White  1983 

72B. 

Curculionidae 

Caiandra  graoaria  Linneaus 

Dennell  1942;  CPajni  6  Chhibba 
19721 

[Richards  6  Davies  19771; 
White  19831 

729. 

Caiandra  grauaria*  Linneaus 

Das  1938;  Peterson  1951 

CroMson  1981 

730. 

Cattlophihs  iatinasas  Say 

Crimson  1967 

[Davidson  6  Lyon  19861 

731. 

Cioeus  oieus*  Fabricius 

CBdving  l  Craighead  19311; 

[6randi  19591 

CroMson  1981 

732. 

Cianus  scrapbctiariae  Linneaus 

DDnges  1954 

Uvarov  1928 

733. 

Curcuiia  caryae  (Horn) 

CHcClenahan  19041;  Ting  [19331, 

Swan  4  Papp  1972;  Davidson  6 

734. 

1936;  [Horinoto  19621;  Borror, 
DeLong  8t  Triplehorn  1976 

Lyon  1986 

Dendractonus  raiens  LeConte 

Stickney  1923;  Chanberlin  1939; 
Killians  1938 

Johnson  6  Lyon  1976 

735. 

Euiycteris  sacckaridis*  Barber 

BDving  1927a 

Bfiving  1927a 

736. 

I ps  cancimus  (Hannerhein) 

Ting  1936;  Chanberlin  1939; 

[Johnson  4  Lyon  19761;  Hilne 

737. 

[Horinoto  19621;  Striganova  1967 

4  Hilne  1980 

Li xus  cancanus  Say 

[Stickney  19231;  Ting  1936; 
Killians  1938;  [Horinoto  19621 

Swan  4  Papp  1972 

738. 

domycbus  vulpecalus  Fabricius 

HcClenahan  1904 

HcClenahan  1904 

739. 

• 

Fantaiorus  ieucaiaia  Boheian 

[Ting  19361;  Dorsey  1943 

[Johnson  4  Lyon  19761 

740. 

Pissodes  sirobi  (Peck) 

Richards  4  Davies  1977 

Johnson  4  Lyon  1976 

741. 

Platypus  australis  Chapuis 

[Stickney  19231;  Ting  1936; 

Richards  4  Davies  1977; 

742. 

[Killians  193B1;  [Horinoto  19621 

Hhite  1983 
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Rbyachaeaus  alai*  Fabricius 

Brandi  1959;  tPeterson  19511 

[Johnson  &  Lyon  19761 

743. 

Scolytus  piceae  Seaine 

Saaine  1910;  [Stickney  19231; 

Sttaine  1910;  [Johnson  6  Lyon 
19761 

744. 

STREPSIPTERA 

So.  Hengenillidia 

St.  Hengenilloidea 

(lengenillidae 

teageailla  theryi  (HoFeneder) 

[Pierce  19181;  [Bohart  1946bl; 

Bohart  1946b;  Arnett  1963 

745. 

Eoxesos  laboulbesei  Peyeriaho-ff 

Parker  6  Saith  1933;  Bohart 

Parker  4  Saith  1933;  Bohart 

746. 

1940b 

1946b 

Eaxeaos  laboiilbenei*  Peyeriahoft  [a.] 

Parker  &  Saith  1933;  Bohart 

Parker  6  Saith  1933;  Bohart 

747. 

1946b 

1946b 

Eoxeaos  iaboiilbeneit  PeyeriahoFf  [F.l 

Parker  6  Soith  1933;  Bohart 

Parker  6  Saith  1933;  Bohart 

748. 

1946b 

1946b 

So.  Stylopidia 

St.  Itengeoidea 

Corioxenidae 

Cailipiarixenos  nuiri*  Pierce 

St.  Bohartilloidea 

Bohartillidae 

St.  Halictophagoidea 

Pierce  191B;  Bohart  1946b 

Bohart  1946b;  Arnett  1963 

749. 

Halictophagidae 

Halictophagus  philaroaiae  Bohart 

Bohart  [19431,  1946a;  [Kinzel- 
bach  19661 

Bohart  1946b;  Arnett  1963 

750. 

Haliciopbacus  zanzibarae*  Bohart 

St.  Stylopoidea 

Bohart  [19431,  1962 

Bohart  1946b,  1962 

751. 

Elenchidae 

752. 

Elencbus  koebeli  (Pierce) 

Bohart  1946b;  [Kinzelbach  19661 

Bohart  1946b;  Arnett  1963 

Elencbus  koebeii*  (Piercel 
Hyraecolacidae 

Bohart  1946b 

Bohart  1946b;  Arnett  1963 

Bohart  1946b;  Arnett  1963 

753. 

754. 

Caenochoiax  hoberlandti  Linneaus 

[Pierce  19181;  [Bohart  1946bl; 
[Kinzelbach  19661 

Stylopidae 

Siylops  pacifica  Bohart 

Bohart  1946b;  [Kinzelbach  19661 

Bohart  1946b;  Arnett  1963 

755. 

Renos  resparui  Rossi 

[Pierce  19181;  [Craapton  1923bl; 
[Bohart  1946bl;  Kinzelbach  1966; 
Craason  1981 

Bohart  1946b;  Arnett  1963 

756. 
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HECOPTERA 

So.  Protuecoptera 

Heropeidae 

Sir  of  e  tuber  Neman 

Craipton  1917b,  1932;  Otanes 

1922;  Hepburn  1969 

[Byers  19733 

757. 

Notiothauaidae 

Notiothauia  reedi  (HacLachlan) 

Hepburn  1969 

diet  undocuaented 

75B. 

So.  Euiecoptera 

Choristidae 

Chorista  australis  Klug 

Tillyard  1935;  Hepburn  1969 

[Clausen  19403;  CPruthi  19693  759. 

Nannochoristidae 

(fannocborista  dipteroides  Till  yard 

Craipton  1921a,  1923b,  1925, 

1942;  Tillyard  1935;  Hoyt  1952; 
Hepburn  1969 

Richards  l  Davies  1977 

760. 

Panarpidae 

dpteropaaorpa  tasianica  Till  yard 

Hepburn  1969 

[Clausen  19403;  Pruthi  1969 

761. 

Bracliypanorpa  caroliaetsis  (Banks) 

(Ferris  19423;  Hepburn  1969 

[Byers  19653;  Arnett  1985 

762. 

P anorpa  conuois*  Linneaus 

[Craipton  1917b,  1921cl  Das  193B; 
Bierbradt  1943;  Snodgrass  1947 

Clausen  1940;  Peterson  1951 

763. 

Paaorpa  auptiaiis  Berstaecker 

[Packard  18B91;  [Siith  1S9B1; 

[Hiyake  19123;  [Arnett  & 

764. 

[Craipton  1921c,  1923a,  1923b3; 
[Otanes  19223;  Hetrick  1935; 
[Heddergott  19383;  Ferris  4 

Rees  1939 

Jacques  1981 

Panorpodes  paradoxa  HacLachlan 

Craipton  1917b,  1923b;  [Otanes 
19223;  Issiki  1933 

[Byers  19653;  Arnett  1985 

765. 

Bittacidae 

Bittacus  piiicornis  Westwood 

[Siith  19B93;  [Craipton  1917b, 
1923b3;  [Otanes  19223;  Setty 

1940;  [Hepburn  19693 

Setty  1940;  [Borrar  6  White 
19703 

766. 

Sittacus  pilicorais*  Westwood 

Setty  1940,  (19413;  Peterson 

1951 

Setty  1940;  Clausen  1940 

767. 

Heobittacus  biancAeti 

[Tillyard  19353;  Hepburn  1969 

[Borror  4  White  19703 

768. 

Apterobittacidae 

dpterobittacus  apterus  (HacLachlan) 

Otanes  1922;  Hepburn  1969 

Carpenter  1931;  Arnett  1985 

769. 

dpterobiitacus  apterus*  (HacLachlan) 

Applegarth  1939;  Cook  1944; 
Snodgrass  1947 

[Hilne  4  Hilne  19803;  Byers 
1983 

770. 

So.  Neoiecoptera 

Boreidae 

Borens  bruiaiis*  Fitch 

Peterson  1951 

Peterson  1951 

771. 

Boreus  nivoriundus  Fitch 

[Packard  18893;  Otanes  1922; 
[Craipton  19423;  [Hepburn  19693 

[Borror  4  White  19703; 
Richards  4  Davies  1977 

772. 

I 
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SIPHQHAPTERA 

St.  Hystrichopsylloidea 

Coptopsyllidae 

Hystrichopsyllidae 
dnoaiopsyllus  sp. 

Snodgrass  1946 

Arnett  1985 

773. 

Hystricbopsyllus  gigas  Rothschild 

Snodgrass  1946 

[Arnett  19851 

774. 

Stephanocircidae 

Cleopsylla  towsendi  Rothschild 

Johnson  1957 

Johnson  1957 

775. 

Pygiopsyllidae 

Ctenidiosoius  traubi  Johnson 

Johnson  1957 

Johnson  1957 

776. 

CtenophthaUidae 

Chiaaeropsyllidae 

St.  Ceratophylloidea 

Ancistropsyllidae 

Xiphiopsyllidae 

Ceratophyllidae 

Ceratopbyllus  Kiribati*  Baker 

Sikes  1930;  [Johnson  19571 

Sikes  1930 

777. 

Cntyaius  crypticus  Hopkins  A  Traub 

Hopkins  A  Traub  1955 

Hopkins  A  Traub  1955 

778. 

Leptopsylia  pectin iceps*  Hagner 

Perfiljen  1927 

[Suan  A  Papp  19721 

779. 

Hosopsyllas  fascist  11s*  (Base) 

Sharit  1937;  Elbel  1951 

Elbel  1951;  Peterson  1951; 

780. 

Opisodasys  pseudarctoays  (Baker) 

Snodgrass  1946 

Arnett  1985 

[Arnett  19851 

781. 

Ischnopsyllidae 

Sternopsylla  districts  (Rothschild) 

Johnson  1957 

Johnson  1957 

782. 

St.  Halacopsylloidea 

Halacopsyllidae 

flaiacnpsyila  grossrintris  Heyenbergh 

Johnson  1957 

Johnson  1957 

783. 

Rhopalopsyllidae 

Rbopalopsyllas  Iugubris  (Enderlein) 

Johnson  1957 

Johnson  1957 

784. 

St.  Veraipsylloidea 

Vernipsyllidae 

St.  Policoidea 

Pulicidae 

Ctenocephaiides  cam's  (Curtis) 

Packard  IB98;  Lass  1905;  Snod¬ 

Sxan  A  Papp  1972;  Arnett  A 

785. 

Ctenocephaiides  felis  (BouchA) 

grass  1944;  Henk  1953;  Souin  196B 

Nitzulescu  1927;  Snodgrass  1944, 

Jacques  1981;  Arnett  1985 

Swan  A  Papp  1972;  Milne  A 

786. 

Ctenocephaiides  felis*  (BouchA) 

1946;  Johnson  1957 

Peterson  1951;  Elbel  1951 

Hilne  1980 

Peterson  1951;  Elbel  1951 

787. 

Ecbidnophaga  gallriacea  (Hestuood) 

Snodgrass  1946;  Johnson  1957 

Sttan  A  Papp  1972;  Arnett 
1985 

788. 
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Pa  lex  irritaas  Linneaus 

CCraapton  1923a,  1923bl;  Till- 
yard  1935;  Snodgrass  1944,  1946; 
Johnson  1957 

Sian  6  Papp  1972;  Hilne  4 
Hilne  1980;  Arnett  1985 

789. 

Keuopsyila  cheopis  Rothschild 

Rothschild  1906;  Johnson  1957 

Swan  6  Papp  1972;  Hilne  6 
Hilne  1980;  Arnett  1985 

790. 

Xeaopsylla  cheopis *  Rothschild 

Sikes  1930 

Sikes  1930;  Swan  6  Papp  1972 

791. 

Tungidae 

7unpa  penetrans  Linneaus 

Johnson  1957 

Johnson  1957 

792. 

DIPTERA 

So.  Nenatocera 

Si.  Tipuloidea 

Trichoceridae 

Trichocera  bieacuiata  Ualker 

Peterson  1916;  CCraapton  19421; 
CHoyt  19521;  CCole  19691;  Alexan¬ 
der  1981b 

diet  undocumented 

793. 

Tri chocera*  sp. 

[Bischofi  1922a! ;  CKeilin  19401; 
Anthon  1943a;  Peterson  1951; 

Kraier  1954;  Alexander  1981b; 
CSiith  19861 

Peterson  1951 

794. 

Tipulidae 

Bicranoiyia  sp. 

Hoyt  1952 

Rogers  1932;  CHerritt  a 
Schlinger  19841 

795. 

Dicranota*  sp. 

Johannsen  1934;  Cook  1949 

Uvarov  1928;  [Byers  19841 

796. 

Eriocerat  sp. 

Johannsen  1934;  Cook  1949 

Byers  1984 

797. 

Eriopiera  sp. 

Craipton  1917b;  Hoyt  1952 

Rogers  1933;  CHerritt  4 
Schlinger  19641 

798. 

Geraaionyia  ra fesceas 

Peterson  1916;  Craipton  1942; 

Hoyt  1952 

Rogers  1927;  Herritt  4 
Schlinger  1984 

799. 

Holorusia  mbigaosa*  Loeit 

Kellogg  1899;  Cook  1949 

Uvarov  1928;  Rogers  1933; 
Hilne  4  Hilne  1980 

800. 

iiinophiJa  sp. 

Hoyt  1952 

Rogers  1926;  CHerritt  4 
Schlinger  19841 

801. 

7:pala  iirida*  Van  der  Hull 

CDas  19381;  [Snodgrass  19471; 
[Peterson  19511;  Chisuell  1955; 
CTeskey  19761 

[Rogers  1926,  19331;  [Arnett 
4  Jacques  19811;  Hilne  4 
Hilne  1980 

802. 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


taxon 


■outhpart-iorphology  data 


dietary  data 


no. 


fipuia  reesi  Rees  4  Ferris 

fhesche  1909];  [Wei jere  1916]; 
[Peterson  1916];  Rees  6  Ferris 
1939;  [Hoyt  1952] 

[Rogers  1926,  19331;  Arnett 

6  Jacques  1980 

803. 

Sf.  Psychodoidea 

Tanyderidae 

Protoplasa  fitchii  Osten  Sachen 

Hilliaas  1933;  Johannsen  1934 

[Herritt  6  Schlinger  19841 

804. 

Protoplasa  fitchii*  Osten  Sachen 

Craapton  1930b;  Kraaer  1954 

Alexander  1981a 

805. 

Tanyderus  forcipatos 

Craapton  1942 

[Herritt  4  Schlinger  19841 

806. 

Ptychopteridae 

Bittacoaorpha  ciaripes  Fabricius 

Peterson  1916;  Craapton  1917b; 

1942 

Milne  4  Milne  1980;  [Arnett 

4  Jacques  19811 

807. 

Bittacoaorpha  ciaripes*  Fabricius 

Kraaer  1954 

Rogers  1933 

808. 

Liriope  ten  is  (Osten  Sachen) 

Hoyt  1952 

Rogers  1926,  1933 

809. 

Ptychoptera  rufociacta  Osten  Sachen 

Peterson  1916 

Rogers  1926 

810. 

Ptychoptera  ienis*  Osten  Sachen 

[Bischof f  1922a];  [Johannsen 

19341;  [Anthon  1943a];  [Snodgrass 
19431;  [Peterson  19511;  [Hodkin- 
son  19731 

Uvarov  192B;  Merritt  4 
Schlinger  1984;  [Mattingly 
1987a! 

811. 

Psychodidae 

lutzoayia  fiaviscutella  (Mangabeira) 

Lewis  1975;  Quate  &  Vockeroth 

1981 

[Arnett  19851 

812. 

Phiebotoaus  papatasii  Scopoli 

[Cragg  1913a];  Alder  6  Theodor 
1926;  [Christophers,  Shortt  6 
Barraud  19261;  [Shortt  6  Swaai- 
nath  19281;  [Snodgrass  1943, 

1944,  19591;  [Iaas  1944];  Hennig 
1950;  [Grenier  19591;  [Lewis 

19751 

Swan  4  Papp  1972 

813. 

Psychoda  albipeaais  Zetterstedt 

[Kellogg  18991;  [Dell  19051; 
Peterson  1916;  [Anthon  1943al; 
Quate  l  Vockeroth  1961 

[Cole  19691 

614. 

Psychoda  sexaaculata*  Curtis 

Dell  1905;  [Peterson  19511 

Dell  1905;  Swan  4  Papp  1972; 
Teskey  1984 

815. 

St.  Culicoidea 

Dixidae 

Dix a  clarata  (Loew) 

Peterson  1916;  [taws  19441; 

Peters  1981 

[Merritt  4  Schlinger  19841; 
[Peters  19811 

816. 
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Dixa  lacuiata*  Heigen 

CSaith  1928];  [Johannsen  1934]; 
Schreiner  1950b;  (Peterson  19511; 
(Felix  19621;  [Chaudonneret  19631; 
[Knight  19711;  Peters  1981 

Peterson  1951;  Teskey  1984 

B17. 

Chaoboridae 

/tustraioiocbionyx  iitidus*  Freeian 

Col less  1977;  Cook  1981 

Col less  1977 

CO 

CO 

Coreiheiia  appendicuiata  Grabhan 

HcKeever  1986 

Cook  1981;  HcKeever  1986 

819. 

Fucorethra  underwoodi*  Underwood 

Johannsen  1934;  Peterson  1951; 
Knight  1971 

Peterson  1951 

820. 

Culicidae 

foies  aegypti  (Linneaus) 

(Killiston  19081;  Snodgrass  1944, 

Swan  &  Papp  1972;  [Arnett  & 

821. 

1959;  (Hoyt  19521;  (Hudson  19701; 
Oavies  1971;  Henk  1980;  Stone 

Jacques  19811 

1981;  Ross  et  ai.  1982 

Aedes  cohudzs*  (DeSeer) 

(DuPorte  19461;  (Shalaby  1957al; 

Hilne  k  Hilne  1980;  (Arnett 

822. 

(Pao  4  Knight  19701;  [Knight 

19711;  6ardner  &  Nielsen  1973; 
Gardner,  Nielsen  k  Knight  1973; 
(Karbach  19771;  [Hanning  19781; 
Newson  1984;  Cflly  19841;  Dahl 
et  a I.  1988 

k  Jacques  19811;  Dahl  et  ai. 

Anopheles  lacuiipennis  Heigen 

[Kulagin  19051;  (Cragg  1913al; 

Swan  k  Papp  1972;  [Arnett  & 

B23. 

Vogel  1921;  Sinton  k  Covell  1927; 
Barraud  &  Coveil  1928;  Robinson 
1939;  [Craapton  19421;  Snodgrass 
1943;  Henk  1961,  1980 

Jacques  19811 

Anopheles  quadriiacuiatus*  Say 

[Johannsen  19341;  [Cook  1944bl; 

[Peterson  19511;  Pucat  1965; 

824. 

Farnsworth  1947;  Hennig  1950; 
[Schreuer  1950al;  Shalaby  1956; 
Henees  1958a,  1958b;  Snodgrass 
1959;  [Knight  19711;  [Harback 
19771;  Stone  1981 

Swan  k  Papp  1972 

Araigeris  laiayi*  Theobald 

Cook  1944b;  [Knight  19711;  [Har- 
bach  1977,  19781 

HcCa-Herty  4  Provonsha  19831 

825. 

Cuiex  pipiens  Linneaus 

[Diuock  18811;  [Kellog  1899]; 

Swan  4  Papp  1972;  Hilne  4 

826. 

Hesche  1902,  1904,  1909;  Kulagin 
1905;  [Barraud  k  Covell  19281 

Hilne  1980;  Arnett  1965 

Cuiex  pipieas*  Linneaus 

BischoH  1922a;  Johannsen  1934; 

Newson  1984;  Dahl  et  ai. 

827. 

Chaudonneret  1951,  1962,  1963; 
[Shalaby  1957bl;  Snodgrass  1959; 
[Knight  19711;  Karbach  1977, 

1978;  Dahl  et  a 1.  1988 

1988 
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Eossii 

(LARVAL  ECT06NATHATE,  continued) 

Ei  try 

Insect 

No. 

Taxon  Corresoondiio  to  Entry  bunber 

locality 

References 

241. 

Archaeolepidae:  Rrchaeoiepii  nane  Hhalley 

1691 

Hhalley  1985;  1988 

242. 

Hicropterygidae:  Parasabatinca  aitiaacrai  Hhalley 

[551 

Hhalley  1978;  1988 

243. 

tticropterygidae:  Palaeosabatiaca  zherichini  Kozlov 

[523 

Kozlov  1983b 

244. 

Unnaned  nicropterygid 

£453 

SchlOter  1975,  1978 

245. 

Hicropterygidae:  Sabatinca  proavitella  Rebel 

[193 

Rebel  1935;  Larsson  1978 

248. 

Hicropterygidae:  Nicropteryx  angelica  Jarzenbotiski 

[183 

Jarzenbotiski  1980 

247. 

?Eriocraniidae:  ilndopteryx  stilt  at  she  vi  Skalski 

[523 

Skalski  1979a;  Hhalley  1986 

248. 

"Lophocoronid-like  specinen* 

[373 

Skalski  1979b 

249. 

'Incurvariine  type* 

[553 

Hhalley  1977,  Hennig  1981 

t. 

2. 

3. 

4. 

5. 


6. 

7. 

8. 

9. 

10. 


11. 


12. 

13. 

14. 

15. 
18. 

17. 

18. 


19. 

20. 
21. 


MBTHPM  CLASS  5:  HAXILLBLABIA7E 

Fig.  43 

Hegaspilidae:  Allocotidus  braesi  Huesebeck 

[403 

Huesebeck  1963 

Haiaetshidae:  Naiaetsha  ardica  Rasnitsyn 

[373 

Rasnitsyn  1975 

Stigaaphronidae:  Lygocerasi?)  dubiatus  Brues 

[353 

Hasner  i  Dessart  1967 

Cal  1  iceratidae:  Conostigms  saccinalis  Brues 

[193 

Brues  1940b 

Heloridae:  Protohelorus  aesozoicus  Kozlov, 
Proctotrupidae:  Xesoserphus  karatavicus  Kozlov, 
Honoaachidae,  Diapriidae 

[603 

Hartynov  1925,  Kozlov  1968 

"Proctotrupid  indet.* 

[533 

Jell  8  Duncan  1986 

Pelecinidae:  Iscopinus  baissicus  Kozlov 

[523 

Kozlov  1974 

Scelionidae:  Cesonaniosceiio  paicber  Schlftter, 

[453 

Schlftter  1978 

Diapriidae:  Isnarinae 

Scelionidae,  ?Vanhorniidae,  Diapriidae, 

[373 

Zherikin  &  Sukacheva  1973 

Serphitidae 

Serphitidae:  Serphites  paradoxus  Brues, 
Scelionidae:  Proterosceiio  antennalis  Brues, 

[353 

Brues  1937,  HcAlpine  &  Hartin  1969 

?Vanhorniidae 

Proctotrupidae:  Cryptoserphus  pinorus  Brues, 
Scelionidae:  Pelecinopteron  tubuliiorae  Brues, 
Diapriidae:  Rnbositra  sp. 

[193 

Brues  1933,  1940a;  Hasner  1969 

Diapriidae:  daiesinorpba  aheeleri  Brues, 

[153 

Brues  1910 

Belytidae:  Selyta  nortaella  Brues 

Scelionidae:  Palaegyron  aaesbecki  Hasner 

[113 

Hasner  1969 

Scelionidae:  Platygasterites  feaoralis  Statz, 
Heloridae:  lie  lor  us  festivus  Statz  1938 

[83 

Statz  1938 

Hynaridae:  ffalioronna  bezoonaisessis  Schliter 

[453 

Schlftter  1978 

Eulophidae 

[403 

Lagenheie  ei  al,  1960 

Hynaridae,  Chalcidoidea 

[373 

Zherikin  i  Sukacheva  1973;  Rasnitsyn 
1975 

Trichograsnatidae:  Enneagnas  pristinas  Yoshiaoto, 
Tetracanpidae:  bistylopus  bisegaentatus  Yoshiaoto, 

[353 

Yoshinoto  1975 

Hynaridae:  Triadoaerus  bulbosus  Yoshiaoto 

/ 

'Possibly  an  encyrtid  chalcidoid* 

[333 

Seorge  1952 

Hynaridae 

[253 

Saunders  et  al.  1974 

Chalcidoidea:  Arescoa  arnata  (Heunier) 

C193 

Heunier  1905a 
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Entry 

Mo- 

Taxon  Corresponding  to  Entry  Manber 

Fossil 

Insect 

Locality 

(HAXILLOLABIATE,  continued) 

References 

22. 

Agaonidae 

1151 

Brues  1910 

23. 

Chalcidoidea 

[81 

Statz  1938 

24. 

Cynipidae 

1371 

Zherikin  l  Sukacheva  1973 

25. 

Cynipidae:  Protinaspis  costalis  Kinsey 

(353 

Kinsey  1937 

2  6. 

Cynipidae:  4<iiacidea  saccinea  Kinsey 

[193 

Kinsey  1919 

27. 

Cynipidae:  Rhodites  retas  Cockerell 

[183 

Cockerell  1921 

28. 

Ibalidae:  Protoabalia  contexiv a  Brues, 

[153 

Brues  1910 

29. 

Figitidae:  Gigites  solas  Brues 

Cynipoidea 

[83 

Statz  1938 

30. 

flulacidae:  Resaalacinas  oviiornis  Rartynov 

[603 

Hartynov  1925 

31. 

Aulacidae:  Paraalacas  sinicas  Ping 

[L.  Jural 

Ping  1928 

32. 

Cretevaniidae 

[573 

Jarzeaboaski  1984 

33. 

Cretevaniidae:  Cr.etevania  ninata  Rasnitsyn, 

[373 

Zherikin  6  Sukacheva  1973;  Rasnitsyn 

34. 

Aulacidae:  besaalacinas  sp.,  ?Trigonalyidae: 
Cleistogastrinae 

Evaniidae:  Evania  reia&ea  Brues 

[193 

1981 

Brues  1933 

35. 

Aulacidae:  iicraalacinas  priscalas  Brues, 

[153 

Brues  1910;  Rasnitsyn  1972 

36. 

Evaniidae:  Pristaalacas  rohneri  Brues, 

Praeaulacidae 

?Bethyloid  indet. 

[533 

Jell  6  Duncan  1986 

37. 

Dryinidae:  Cretodryinus  zherichini  Ponoaarenko, 

[373 

Evans  1973,  Rasnitsyn  1975 

38. 

Chrysididae:  Hypocleptes  rasnitsyni  Evans, 
Scolebythidae:  Cretabythas  sibiricas  Evans, 
Bethylidae:  Arcbepyris  ninatas  Evans 

Chrysididae:  Procleptes  carpentieri  Evans 

[353 

Evans  1969 

39. 

Chrysididae:  Protochrysis  saccinalis  Bischotf, 

[193 

Bischo-f-f  1915;  Brues  1933 

40. 

Eaboleaidae:  Enbolenus  breviscaptas  Brues 
Chrysididae:  ?Epyris  tenelhs  Statz 

[83 

Statz  1938 

41. 

Pospilidae:  Ponpiliopteras  ciliatas  Rasnitsyn 

[523 

Rasnitsyn  1975 

42. 

Poapilidae:  Epiponpilias  sp. 

(193 

Kbningsaann  1978b 

43. 

Pospilidae:  Psaiaochares  sp. 

[81 

Statz  1936,  1938 

44. 

Hutillidae:  Cretavus  sibiricas  Sharov 

[Cenoaanl 

Sharov  1957a;  Hennig  1981 

45. 

Tiphiidae 

[371 

Zherikin  k  Sukacheva  1973 

46. 

Hutilli'dae:  Protonatilla  sp.,  Sapygidae 

[193 

Bischoif  1927;  Brothers  1974 

47. 

Tiphiidae:  Geotiphi a  sp. 

[153 

Handlirsch  1908 

48. 

Angarosphecidae:  Angarosphex  ayfnicopteras 

[523 

Rasnitsyn  1975 

49. 

Rasnitsyn 

Falsiforaicidae:  Species  A 

[453 

Rasnitsyn  1975 

50. 

Falsitoraicidae:  Faisiforiica  cretacea  Rasnitsyn 

(373 

Rasnitsyn  1975 

51. 

ttasaridae:  Curiovespa  curiosa  Rasnitsyn 

[393 

Rasnitsyn  1975 

52. 

Euaenidae 

[273 

Pi ton  1940;  Burnhaa  1978 

53. 

Vespidae:  Palaeovespa  baltica  Cockerell 

[193 

Cockerell  1969e 

54. 

Vespidae:  Polistes  industries  Theobald, 

[133 

The'obald  1937 

55. 

Euaenidae:  Rbyncbian  sp. 

Euaenidae:  Alastor  rottensis  Statz,  Vespidae: 

[83 

Statz  1936 

56. 

Kespa  nigra  Statz 

Foraicidae 

[553 

Hennig  1981 

57. 

Foraicidae:  Cretacoforiica  explicate  Jell  &  Duncan  [531 

Jell  6  Duncan  1986' 
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Bibio*  sp. 

Kellogg  1899;  IBischoFF  1922al; 

Das  1938;  Cook  1944a,  1949;  Snod¬ 
grass  1947;  Hoyt  1952;  Perraudin 
1961;  Teskey  1976;  Hardy  1981 

Suan  6  Papp  1972;  Cole  1969 

857. 

Scatopsidae 

Hyperoscelidae 

Syaneuroo  decipiens*  Hutson 

Maaayev  &  Krivosheina  1969;  [Tes¬ 

[Teskey  19761;  Peterson  6 

85B. 

key  19761;  [Peterson  6  Cook  19811 

Cook  1981 

Cecidoayiidae 

Clinadiplosis  ciiicrus*  KieFfer 

Otter  1938 

Otter  1938 

859. 

Dasyneura  aiti*  Kiefier 

Otter  1938;  [Teskey  19761; 

Otter  1933;  tSxan  6  Papp 

860. 

[Bagnd  19811 

19721 

Lesiodiplosis  i ifci*  Barnes 

Otter  1938;  [Hennig  19481 

Otter  1938 

B61. 

Wiaenobreaia  apbidiiyza*  (Rond anil 

Solinas  1968 

[Clausen  19401 

862. 

Rbabdopbaga  strobiloides  (Osten  SackenlPeterson  1914 

[Cole  19691 

863. 

Sciaridae 

Sciara  rariaas 

[Frey  19131;  Peterson  1916; 

SteFFan  1981 

Cole  1969 

864. 

Sciara*  sp. 

[BischoFF  1922al;  Snodgrass  1947; 
Peterson  1951;  [Perraudin  19611 

Cole  1969;  Teskey  1976 

865. 

Hycetophilidae 

Epidapus  scabiei*  Hopkins 

Hopkins  1896 

Hopkins  1896 

866. 

Hycetopbila  dinergens  Halker 

[Frey  19131;  Peterson  1916; 
Vockeroth  1981 

Hilne  6  Hilne  1980 

867. 

Incertae  Sedis 

Blepharoceridae 
dgatboa  sp. 

Ferris  1942;  Hogue  1981 

[Cole  19691;  [Hogue  19811 

868. 

Bibiocepbaia  eiegantuia  Roder 

[Kellogg  18991;  Peterson  1916 

[Hogue  19811 

869. 

Edxardsiaa  sp. 

Craipton  1923,  1942;  [Ims  19441; 
Hogue  1981 

[Hogue  19811 

670. 

lipoaeura  ciaerascens  BischoFf 

[Kellogg  18991;  Pryor  1948 

[Hogue  19811 

871. 

Deuterophlebiidae 

Deuteropblebia  l'ayoea sis*  Kennedy 

Kennedy  [19581,  1960,  [19811 

Kennedy  1960;  (lerritt  6 
Schlinger  1984 

872. 

Nynphionyiidae 

Kyipboiyia  alba  Tokunaga 

Tokunaga  1932,  1935;  RahdendorF 

Tokunaga  1935;  Kevan  & 

873. 

6  Kalugina  1974 

Cutten  1981 
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So.  Brachycera 

Io.  Orthorrhapha 

SI.  Tabanoidea 

Pelecorhynchidae 

Blaiops  rossi*  Pechuian 

Teskey  1970,  19Bla 

Teskey  1981a;  Herritt  & 
Schlinger  1984 

B74. 

Rhagionidae 

Chrysapilas  auratus  Fabricius 

Hesche  1909;  Chassignard  b 

Tsacas  1974 

[Hilne  &  Hilne  19801 

875. 

C/irysopiiust  sp. 

Greene  1920;  Peterson  1951; 
[Schrenner  19521;  Gouin  1963; 
[Janes  6  Turner  19B11 

Greene  1926;  Clausen  1940; 
Peterson  1951 

876. 

Ithagio  scolopaceus*  (tinneaus) 

Schreiner  1952;  Gouin  1968; 
Roberts  1969;  Janes  &  Turner 

1981 

Roberts  1969 

877. 

Rbagio  yertebratas  (Say) 

Peterson  1916;  [Hoyt  19521; 
[Bletchly  19551 

B1  etch ley  1955;  (Arnett  it 
Jacques  19311 

878. 

Syiplioroiyia  atripes  Bigot 

[Hilliston  19081;  Snodgrass 

1943,  1944;  [Hoyt  19521;  Ross 
1965,  1982;  [Janes  6  Turner 

19811 

Snan  6  Papp  1972;  Haage  1979 

B79. 

Veraileo  vertilta  DeSeer 

Chassagnard  &  Tsacas  1974; 

[Teskey  1981cl 

CSnan  t  Papp  19721 

880. 

Athericidae 

Xylophagidae 

Xylophagas  abdoiiaalis*  Loen 

[Bischof!  19241;  6reene  1926; 
[Teskey  19761;  [Janes  1981al 

Greene  1926;  Teskey  1976 

881. 

Stratioayidae 

Chloroiyia  foraosa*  Scopoli 

Vaillant  6  Delhon  1956 

[Arnett  &  Jacques  19811; 
[HcCaflerty  6  Provonsha  19831 

B82. 

fferaetia  iilucens*  Linneaus 

Peterson  1951;  [Janes  1981bl; 
Snith  1986 

Peterson  1951;  Arnett  1985 

883. 

Odoatoayia  liabata*  (Heigenl 

[Cook  19491;  [Peterson  19511; 
Hennig  1952;  Vaillant  6  Delhon 
1956;  [Janes  19Blbl 

Vaillant  6  Delhon  1956; 
Herritt  it  Schlinger  1984 

B84. 

Oxycera  pygaaea*  (Fallen) 

Vaillant  &  Delhon  1956 

Vaillant  it  Delhon  1956 

885. 

Sargu s  bipaactatas*  Scopoli 

[Bischoll  19241;  [Peterson  19511; 
Roberts  1969;  [Janes  1981bl 

[Peterson  19511;  Roberts 

1984;  Herritt  6  Schlinger 

886. 

Stratioiys  apicuiata 

Peterson  1916;  [Hu  6  Feng  19361; 
[Janes  1981bl 

[Arnett  19851 

BB7. 
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taxon 

■outhpart-norphology  data 

dietary  data 

no. 

Stratinys  cbaiaeieoa*  Linneaus 

[Peterson  19513;  Scbreaier  1952 

Peterson  1951;  Arnett  1985 

888. 

Tabanidae 

Chrysops  yittatus  Wiedeiann 

Saith  1898;  Lall  It  Davies  1971; 
[Pechunan  A  Teskey  19813;  CSuva- 
rova  19853 

Lall  A  Davies  1971; 

[Kniepert  19803 

889. 

Corizoieora  loogirostris  Hardwick 

Waterhouse  1893;  Hitter  191B; 
Tetley  1918;  Craapton  1923b;  CNit- 
zulescu  1927a3;  [Zaitsev  19823 

Hitter  1918;  Tetley  1918 

890. 

Baeiatopota  pluvialis  (Meigeni 

Wesche  1902,  1909;  Cragg  1912a 
1913a,  1913c;  [Wenk  1902,  19803; 
Suvarova  1985 

Cragg  1913c;  kniepert  1980 

891. 

taianus  atratus*  Fabricius 

Peterson  1951;  Pechunan  A  Teskey 
1981 

[Clausen  19403;  Peterson 

1951;  Swan  A  Papp  1972 

892. 

Tabanus  giganteos 

[Packard  18983;  [Saith  18903; 
Peterson  1914;  [Lindner  19193; 
[Snodgrass  1935,  19443;  [Craap¬ 
ton  19423;  [Snodgrass  19443; 

[laas  19443;  [Bonhag  19513; 
[Grenier  19593;  [Atkins  19783; 
[Stoffolano  A  Yin  19833;  [Chau- 
donneret  1989b3 

[Kniepert  19803;  [Arnett  A 
Jacques  19813;  [HcCafferty  A 
Provonsha  19813;  Stoffolano 

A  Yin  1983 

B93. 

Pantaphthaliidae 

Paatopkthahus  coiptus  Enderlein 

Val  1974 

Val  1974;  [Bickel  19823 

894. 

Nenestrinidae 

Weorhynehocephaius  sulpbureus*  (Hi ede- 

Crouzel  A  Salavin  1943 

Crouzel  A  Salavin  1943 

895. 

■ann) 

ftcroceridae 

Lasia  sp. 

[Williston  19083;  Craapton  1942; 
[Schlinger  19813 

Schlinger  1981 

894. 

Opcodes  costatus  Loe. 

Williston  1908;  Peterson  1914; 
[Craapton  19423;  Cole  1949; 
[Schlinger  19813 

[Clausen  19403;  [Schlinger 
19813 

897. 

Sf.  Asiloidea 

Asilidae 

Oioctria  aldbius  Walker 

Hoyt  1952;  Cole  1949;  [Wood  1981c] 

[Cole  19491;  Whitfield  1925 

898. 

Laphria*  sp. 

[Bischof-f  19243;  Peterson  1951; 
[Hennig  19523;  Teskey  1974;  [Wood 
1981c3 

[Peterson  19513;  [Wood 

1981c3  # 

899. 

Wachiius  atricapillus  Falldn 

Packard  1898;  Whitfield  1925; 
Snodgrass  1943,  1944 

tPoulton  19043;  Whitfield 
1925 

900. 

Proctacantbus  sp. 

Snodgrass  1943,  1944 

Paulton  1904;  Clausen  1940; 
Hilne  A  Hilne  1980 

901. 
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taxon 

■outhpart-norphology  data 

dietary  data 

no. 

Prouchus  vertebrates  (Say) 

Peterson  1916 

Poultan  1906;  Saan  k  Papp 

1972 

902. 

Proiacfius  iierteiratus*  (Say) 

Peterson  1951;  Mood  1981c3 

CPoulton  19063;  Peterson 

1951;  Hilne  it  Milne  1980 

903. 

Hydidae 

flydas  ciavatus  (Drury) 

Peterson  1916;  Mil cox  1981; 

Zaitlin  &  Larsen  1984 

Saan  6  Papp  1972;  Arnett  it 
Jacques  1981 

904. 

Kydas  cfavatas*  (Drury) 

Peterson  1951;  Teskey  1976; 

Wilcox  1981 

Teskey  1976;  Wilcox  19B1 

905. 

Therevidae 

Psilocepbala  haeaorrboidalis  (Karquart)Peterson  1916 

Arnett  1985 

906. 

Thereva  farcata*  Loea 

CHenniq  19521;  Irain  It  Lyneborg 
19813 

[Peterson  19513;  Irain  & 
Lyneborg  1981 

907. 

Seenopinidae 

Scepopinus  feaestralis  (Linneaus) 

CWilliston  19083;  Peterson  1916; 
Kelsey  1981 

Swan  k  Papp  1972;  Arnett  s 

908. 

Bonbyliidae 

Exoprosopa  fasciata  Hacquart 

Peterson  1916 

[Saan  it  Papp  19723;  flune  & 
Hilne  1980 

909. 

Toxophora  virgata  Osten  Sacken 

Hoyt  1952 

[Saan  6  Papp  19723 

910. 

Apioceridae 

Apiocera  laritiaa*  Hardy 

English  1947;  Peterson  1981c 

English  1947 

911. 

St.  Eapidoidea 

Enpididae 

Eipis  lin'd  a  Linneaus 

CSaith  18983;  CWesche  1902,  1904, 
19093;  [Peterson  19163;  Craapton 
1923;  Bletchly  1954;  Kristoph 

1961;  [Steyskal  6  Knutson  19813 

Poulton  1906;  [Clausen  19403 

912. 

Keierodroaia*  sp. 

Bischott  1924;  Steyskal  6  Knut¬ 
son  1981 

[Richards  it  Davies  19773; 
Herritt  &  Schlinger  1984 

913. 

Dolichopodidae 

Dolichopas  bil'ractus  Loea 

CWesche  19093;  Peterson  1916; 
Cregan  1941;  [Robinson  6  Vocke- 
roth  19813 

Cregan  1941;  CSaan  it  Papp 
19723 

914. 

Dolicfiopus  raiifer*  Loea 

Peterson  1951 

Peterson  1951;  Saan  6  Papp 
1972;  Herritt  it  Schlinger 
1984 

915. 

Xedeterea*  sp. 

Hennig  1952;  Robinson  it  Vockeroth 
1981 

Hennig  1952 

916. 

Xelaaderia  aaadibvlata  Aldrich 

Aldrich  1922;  Snodgrass  1922a; 
Cregan  1941;  [Robinson  it  Vocke¬ 
roth  19813 

Cregan  1941;  Richards  it 
Davies  1977 

917. 
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taxon 

■outhpart-aorphology  data 

dietary  data 

no. 

Systenus  aiiiiaims*  Mirth 

Io.  Cyclorrhapha 

Div.  Asctiiza 

St.  Lonchopteroidea 

Lonchopteridae 

Wirth  1952 

Wirth  1952;  Herritt  k 
Schlinger  1984 

918. 

Conchoptera  Met  Panzer 

Sf.  Phoroidea 

Platypezidae 

[Wesche  19093;  Peterson  1916 

CWesche  19091 

919. 

Piatypeza  relutiia 

Irononyiidae 

CWesche  19091;  Peterson  1916 

CWesche  19091 

920. 

Ironoayia  nigroaacuiaia  White 
Sciadoceridae 

NcAlpine  1967 

diet  undocusented 

921. 

Sciadocera  rufoaacuiata*  White 
Phoridae 

Fuller  1934 

Fuller  1934 

922. 

degaseiia  agarici 

Peterson  1916;  Oldroyd  1964;  CE1- 
zinga  &  Broce  19861;  [Snith  19861 

Clausen  1940;  Swan  6  Papp 
1972 

923. 

Phora  curviaervis  Becker 

Sf.  Syrphoidea 

Syrphidae 

Wesche  1909 

[Cole  19691 

924. 

tristalis  arbustorua  Linneaus 

[Siith  18901;  CWesche  19041; 
(Peterson  19161;  Schieaenz  1957; 
[Holloway  19763;  CBilbert  19813; 
[Zaitsev  19821;  CSchuhnacher  It 
Hoffian  19821;  CElzinga  6  Broce 
19361 

(Arnett  6  Jacques  19811 

925. 

Eristaiis  teiax*  (Linneaus) 

[Peterson  19511;  Hartley  1963; 
Teskey  1984 

Peterson  1951;  Oldroyd  1964; 
Swan  It  Papp  1972 

926. 

Euierus  strigatus*  Fallen 

Hennig  1952;  Roberts  1970 

Roberts  1970 

927. 

XyaMropea  flora  a*  (Linneaus) 

Roberts  1970 

Roberts  1970 

928. 

Mu'ogia  nasica  Say 

Pipunculidae 

Craapton  1942;  Curran  1965; 
CBilbert  19811;  CVockeroth  k 
Peterson  19811;  CSchuhnacher  & 
Hoffiann  19821 

Oldroyd  1964;  Bilbert  1981; 
Arnett  1985 

929. 

Pipuncuius  cingulatus  Loew 

Div.  Schizophora 

Sf.  Csnopoidea 

Conopidae 

Peterson  1916;  Cole  1969 

Oldroyd  1964;  CCole  19691 

930. 

Cosops  brachyrhyachus  (Racquart) 

Sf.  Tephritoidea 

Tephritidae 

[Williston  19081;  Peterson  1916; 
CFrey  19211 

(Clausen  19401;  Elzinga  k 
Broce  1987 

931. 

Euaresta  aequalis  (Loew) 

Peterson  1916;  CElzinga  6  Broce 
19861 

(Curran  19651;  Elzinga  k 
Broce  1986 

932. 
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taxon 

■outhpart-iorphology  data 

dietary  data 

no. 

Toxotrypaia  curvicauda*  6erstaecker 
Qtitidae 

Breene  1929 

Breene  1929 

933. 

Pbysipbora  deaaadata  (Fabricius) 

Peterson  1916;  Elzinga  l  Broce 
1986 

Cole  1969;  Elzinga  4  Broce 
1986 

934. 

Tritoxa  iacurva*  Loan 

Allen  4  Foote  1975 

Allen  4  Foote  1975 

935. 

Euietopia  rufipes *  (Harquart) 
Platystoaatidae 

Valley,  Novak  4  Foote  1969 

Valley,  Novak  4  Foote  1969 

936. 

Platystoaa  seiioationis  Linneaus 
Pyrgotidae 

Tachiniscidae 

Richardiidae 

Frey  1921 

[Cole  19693 

937. 

Ozaetita  iivetsa 

Pallopteridae 

Oldroyd  1964 

CCo3e  19693 

93B. 

Palloptera  s altui  Linneaus 

Piophilidae 

Frey  1921;  ICole  19693 

[Curran  19653 

939. 

Piopiiiia  casei*  Linneaus 

Hille  1922;  CSaith  19861 

Mille  1922;  Arnett  1985 

940. 

beottiophilua  praeustun  Heigen 
Lonchaeidae 

Tate  1954 

Tate  1954 

941. 

[oacbaea  chorea*  Fabricius 

St.  Hicropezoidea 

Cypselosoaatidae 

Cateron  1913;  CHennig  19353; 
CTeskey  19763 

Caeeron  1913;  [Tesfcey  19763 

942. 

Cypseiosoia  australis*  HcAlpine 

Pseud opoayzidae 

HcAlpine  1966 

HcAlpine  1966 

943. 

Pseudoayza  atriaaaa  Heigen 

Neriidae 

Krivosheina  1979 

diet  undocumented 

944. 

Slypbidops  iilosus 

Hicropezidae 

Craepton  1942;  Aczel  1961 

diet  undocumented 

945. 

Coapsohata  uniritta  (Walker) 
Hegaserinidae 

Si.  Tanypezoidea 

Nothybidae 

Peterson  1916;  [Frey  19213 

Oldroyd  1964 

946. 

dothybus  iongi thorax  Rondani 

Diapsidae 

Aczel  1955 

Aczel  1955 

947. 

Sphyracephala  breyicortis  Say 

Peterson  1916;  Cole  1969;  Elzinga 

4  Brace  1986 

Oldroyd  1964;  Elzinga  4 

Broce  1986 

94B. 

Teleopsis  bigoti  Hendel 

Tanypezidae 

[Craepton  19423;  Cole  1969 

[Oldroyd  19643 

949. 

Taaypeza  lotgiaaaa*  Fallen 

Psilidae 

Foote  1970 

Foote  1970 

950. 

toxocera  pectoralis 

Syringogastridae 

Strongylophthalayiidae 

[Milliston  19083;  Peterson  1916; 
[Elzinga  4  Broce  19863 

[Hennig  19653 

951. 
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taxon  aouthpart-aorphology  data  dietary  data  no. 

SF.  Scioeyzoidea 
Helioayzidae 


Dryoayzidae 

flryoiyza  analis*  Fallen 

Saith  1986b;  Steyskal  1987 

Saith  1986b 

952. 

Coelopidae 

Coelapi  vaaduzeii  Cresson 

dilliston  190B;  Peterson  1916; 

Hilne  A  Hilne  19B0 

953. 

Scioayzidae 

Tetaa ocera  piuiosa  Loea 

CFrey  19211 

Hilliston  1908;  Peterson  1916; 

Hilne  A  Hilne  1980;  Elzinga 

954. 

Chaaaeayiidae 

[eucopis  ferticaiist  Halloch 

IFrey  19211;  Elzinga  A  Broce  19B6 

CHennig  19521;  Sloss  A  Foote 

A  Broce  19B6 

Teskey  1976 

955. 

Ochthiphila  jtincorui  Fallen 

1971;  Teskey  1976 

dilliston  1908;  Frey  1921 

Oldroyd  1964 

956. 

Ropaloaeridae 

Ropaioiera  pieuroponctata  diedeaann 

dilliston  190B;  Frey  1921 

Arnett  1985 

957. 

Sepsidae 

Sepsis  violate  a  Heigen 

[dilliston  190B1;  Peterson  1916; 

[Cole  19691;  Elzinga  A  Broce 

958. 

Lauxaniidae 

Saproiyza  vulgaris 

[Frey  19211;  Hoyt  1952;  [Elzinga 

A  Broce  19861;  [Saith  19B61 

Peterson  1916;  [Frey  19211; 

1986 

[Broadhead  19843;  [Arnett 

959. 

Celyphidae 

Spaitioceiyphns  scutatus  diedeaann 

[Broadhead  19341 

Frey  1921 

19B51 

diet  undocumented 

960. 

Sf.  Opoayzoidea 

Opaayzidae 

Spoiyza  florua  Fabricius 

Frey  1921;  Cole  1969;  [Vockeroth 

[Cole  19691 

961. 

Opoiyza  geriationis*  Linneaus 

1987a! 

Thoaas  [19331,  1934 

Thoaas  1934 

962. 

Clusiidae 

Chsiodes  converters  Halloch 

Peterson  1916 

[Cole  19691 

963. 

Acartophthalaidae 

SF.  Agroayzoidea 

Qdiniidae 

Heoalticoaerus  seaaaasii*  Shewel 1 

Sheaell  1960 

Sheuell  1960;  [Arnett  19B51 

964. 

Agroayzidae 

Agroiyza  sp. 

dilliston  1908;  Frey  1921 

[Arnett  19851;  [Elzinga  A 

965. 

Fergusoninidae 

Ferguson ia  tillyardi*  Tonnoir 

Currie  1937  *' 

Broce  19861 

Currie  1937 

966. 

SF.  Asteioidea 

Neurochaetidae 
deurochaeta  inrersa  HcAlpine 

HcAlpine  1978 

HcAlpine  1978 

967. 

Periscelidae 

Periscelis  annu lifts  loea  Duda  1934a;  HcAlpine  1987a  Oldroyd  1964;  HcAlpine  1987a  968. 

Teratoayzidae 
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taxon 

Aulacigastridae 

Auiacigasier  Ieucopeza*  (Heigen) 
Asteiidae 

isteia  concinna  Heigen 

Anthoiyziidae 
Antboiyza  gracilis  Fallen 

Rhinotoridae 
S-f.  Drosophiloidea 
Brosophilidae 

Drosophila  eelanogaster  Heigen 


Hystacinobiidae 

jfystacinobia  zelaadica  Holloway 
Caiillidae 

Caailia  glabra  Fallen 
Ephydridae 

dichaeta  caudata  Fallen 
flc btbera  i antis  (BeGeer) 
Biastatidae 

Diastata  oebulosa  Fallen 
Curtonotidae 
Curtonotn  anus  Heigen 
SF.  Chloropoidea 
Chloropidae 

Chlorops  taeniopus  Heigen 
7Aau»aio»yia  glabra  (Heigen) 
Hilichiidae 

Desioeetopa  iatipes  (Heigen) 
Carnidae 

Heoieconeur ites  chilmis  Hennig 
Tethinidae 

Tethieia  illot a  Hal i day 
Canaceidae 

Canace  iacateei*  Hal loch 
SF.  Ruscoidea 
Scatophagidae 
Scatophaga  fnrcata  (Say) 


louthpart-iarphology  data 

Robinson  1953;  Teskey  1976,  1987 
Ouda  1934b 

Frey  1921;  Cole  1969;  Vockeroth 
1987b 

[Williston  19081;  [Peterson 
19161;  CFrey  19211;  tSnith 
19261;  Hoyt  1952;  Ross  19B2; 
Siith  1986 

Hollotiay  1976 

Frey  1921 

Frey  1921;  [Cole  19691 

[Mil listen  19081;  Peterson  1916 

Doda  1934d;  HcAlpine  1987c 
Buda  1934c;  HcAlpine  1987b 

Frey  1921;  Frew  1923 

Peterson  1916;  Elzinga  It  Broce 
1986 

CHilliston  19081;  Peterson  1916; 
Frey  1921 


dietary  data 

no. 

Teskey  1976 

969. 

[Cole  19691;  [Sabrosky 

970. 

19811 

[Cole  19691 

971. 

Swan  It  Papp  1972;  Hilne  It 
Hilne  19B0;  Arnett  6  Jacques 
1981 

972. 

Hollotiay  1976 

973. 

Olroyd  1964 

974. 

Swan  It  Papp  1972 

975. 

HcCaFFerty  It  Provonsha  1983; 
Cole  1969 

976. 

diet  undocumented 

977. 

diet  undocunented 

978. 

[Cole  19691 

979. 

Swan  It  Papp  1972;  Cole  1969; 
Elzinga  6  Broce  19B6 

980. 

Clausen  1940;  Elzinga  & 

Broce  1986 

981. 

Hennig  1972 

CBickel  19821 

9B2. 

Frey  1921;  Cole  1969 

[Cole  19691 

983. 

Teskey  1984;  Birth  19B7 

Teskey  1984 

984. 

Peterson  1916;  Elzinga  k  Broce 
1986;  [Siith  19861 

[Poulton  19061;  Hilne  It 
Hilne  1980 

9B5. 

Bletchley  1953 

Poulton  1906;  Clausen  1940 

986. 

Scopeuia  stercoraria  (Linneaus) 
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taxon 

eouthpart-eorphalogy  data 

dietary  data 

no. 

Moreotoeyiidae 

Koriotoiyia  hirsatae  Austen 

Eeden  1950;  Austen  1930 

Eeden  1950 

987. 

6asterophilidae 

Sasterop/iilus  ittesiimlis  DeBeer 

Peterson  1914;  Cole  1949 

Qldroyd  1944 

988. 

6asteropbiIur  taraiisi  Linneaus 

Peterson  1951 

Peterson  1951;  Swan  4  Papp 
1972 

989. 

Anthoiyiidae 

Anthoeyia  radical  Linneaus 

Hilliston  1908;  [Lindner  19191; 
Seaians  1920;  [Huckett  19871 

Clausen  1940;  Sean  4  Papp 
1972 

999. 

Kydrotaea  den tipes  (Fabricius) 

Peterson  1914;  Makhan'ko  1973; 
Elzinga  4  Brace  1984;  [Siith 

19841 

Cole  1949 

991. 

Kyieiya  alcaUoe*  (Halter) 

Teskey  C 19741,  1981d 

[Sean  4  Papp  19721 

992. 

Huscidae 

Fannia  scalaris  (Fabricius) 

Chillcott  1940;  Seith  1984 

Chillcott  1940 

993. 

Hanatobia  irritaas  (Linneaus) 

Cragg  1913c;  Patton  4  Cragg  1913; 
Cole  1949;  Paysinger  et  ai. 

1978;  [Elzinga  4  Broce  19843 

Swan  4  Papp  1972;  Arnett 
1985 

994. 

lyperosia  linuta  Bezzi 

Cragg  1913b;  Patton  4  Cragg  1913 

Cragg  1913b 

995. 

Korea  doaastica  Linneaus 

Kraepelin  1883;  Berlese  1909; 
Peterson  1914;  Patton  1933;  Snod¬ 
grass  1935,  1943;  Craepton  1942; 
Metcalf,  Flint  4  Metcalf  1942; 

Ross  1945;  Brace  4  Elzinga  1984; 
Elzinga  4  Broce  1984 

Uvarov  1928;  Swan  4  Papp 
1972;;  Milne  4  Milne  1980; 
Arnett  4  Jacques  1981 

994. 

Korea  doaestica*  Linneaus 

[Holigren  19041;  Peterson  1951; 
Swan  4  Papp  1972;  Seith  1984 

Peterson  1951;  Swan  4  Papp 
1972 

997. 

Phaonia  lirabilir 

Schreeier  1954 

Schreeeer  1954 

998. 

Stoioxy s  calcitrans  Linneaus 

Seith  1898;  Hansen  1903;  Stephens 
4  Newstead  1907;  [Cragg  1913cl; 
Peterson  1914;  Snodgrass  1943, 
1944;  Bouin  1948;  Atkins  1978; 
McAlpine  1981;  Elzinga  4  Broce 
1984;  Chaudonneret  1989b 

Cole  1949;  Haage  1979 

999. 

Calliphoridae 

Calliphora  erythrocephala  Linneaus 

[Suffolk  18491;  [Hadoskie  18B41; 
[Seith  18901;  CHesche  19043; 
[Berlese  19091;  6rahae-Seith 

1911,  1930;  Snodgrass  1935, 
[19401;  [Zaitsev  19821;  Seith 
1985;  [Elzinga  4  Broce  19841 

Swan  &  Papp  1972;  flilne  & 
Milne  1980 

1000. 
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taxon 

■nuthpartiorphology  data 

dietary  data 

no. 

Calliphora  erythrocepbalat  Linneaus 

Hesche  1908;  CHiller  19321;  Lud- 
nig  1949;  Hennig  19S2;  ESaith 
19861 

Snan  6  Papp  1972 

1001. 

Cochlioayia  tare l lariat  Fabricius 

Snodgrass  1953;  Saith  1986 

Snan  4  Papp  1972;  Arnett 

1985 

1002. 

taciiia  sericata  Heigen 

CSiith  18901;  Hu  k  Feng  1936; 
Henees  1962 

Arnett  1985 

1003. 

Phoriia  regiaa*  (Heigen) 

Teskey  1981c 

Snan  k  Papp  1972 

1004. 

Sarcaphagidae 

Sarcopbag a  Aaeaorrhoidaiis  (Fallen) 

Peterson  1916;  CHeijere  19161; 
[Snodgrass  19601 

Arnett  fc  Jacques  1981 

1005. 

(foAifabrtia  vigil  (Walker) 

Donnes  1963;  Cole  1969;  Shenell 
1987 

Snan  &  Papp  1972 

1006. 

Tachinidae 

Archytas  aialis  (Fabricius) 

Hilliston  1908;  Peterson  1916; 
Snith  1985 

[HcAlpine  19811 

1007. 

Thelaira  leucozoaa  (Panzer) 

Hilliston  1908;  Peterson  1916 

[HcAlpine  19811 

1008. 

Rhinophoridae 

Cuterebridae 

Cutertbra  eusculator  Fitch 

Bennett  1955;  Hood  19B7 

Bennett  1955 

1009. 

Qestridae 

CepAeseiyia  auribarbust  Heigen 

Caieron  1932 

Caaeron  1932 

1010. 

61ossinidae 

Slossita  palpialis  Robineau-Desvoidy 

[Hansen  19031;  [Patton  6  Cragg 
19131;  Jobling  1933;  Snodgrass 
1943,  1944;  [Bordon  et  al.  19561; 
[Pophaa  6  Abdillahi  19751; 

[Saith  19851;  Elzinga  6  Broce 

1986 

Brues  1972;  Oldroyd  1964 

1011. 

Hippobnscidae 

Hippobosca  naculata  Leach 

Patton  k  Cragg  1913;  [Jobling 
19261;  Dogra  1967 

[Cole  19691 

1012. 

[ycAnia  laora  Bigot 

Jobling  1926;  [Snodgrass  19431 

Cole  1969;  Snan  k  Papp  1972 

1013. 

Kelopbagus  oviaits  Linneaus 

Jobling  1926;  Snodgrass  1943, 
1944;  Elzinga  &  Broce  1986 

Snan  k  Papp  1972;  Haage 

1979;  Hilne  k  Hilne  1960 

1014. 

Oifersia  ardeae  Harquardt 

[Saith  18981;  Peterson  1916; 

[Haa  tt  Peterson  19871 

Cole  1969 

1015. 

Streblidae 

Pycteribcsca  aaboiaensis  Rondani 

Jobling  1929 

Donnes  1971;  Haage  1979 

1016. 

Rayaondia  lobslata  Speiser 

Jobling  1929 

Donnes  1971;  Haage  1979 

1017. 
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taxon 

•outhpart-aorpholaqy  data 

dietary  data 

no. 

Strebl a  vesper tii ion  is  Fabricius 

Jobling  1929;  Cole  1969 

Donnes  1971;  Kaage  1979 

1018. 

Tricbobius  lajor  Coquillet 

Nycteribiidae 

[Jobling  19291;  Zeve  It  Howell 

1962;  CElzinga  &  Brace  19661 

Downes  1971;  Haage  1979 

1019. 

Cyclopedia  syresi  Westwood 

Jobling  192Ba;  Craapton  1942 

Oldroyd  1964;  Downes  1971 

1020. 

Incertae  Sedis 

Heleosyzidae 

Aecothea  ienesiraiis  (Fallen) 

Peterson  1916 

[Elzinga  &  Broce  1986] 

1021. 

Keieoiyza  serrata*  Linneaus 

Lobanov  1970 

[Arnett  19853 

1022. 

Sphaeroceridae 

Sorborus  equinus  (Heigen) 

Peterson  1916;  Frey  1921 

(Cole  19691;  CElzinga  tc 

Broce  19861 

1023. 

teptocera  iootiaalis  (Fallen) 

Frey  1921;  Kin  k  Cook  1966; 

Elzinga  &  Broce  1986 

[Cole  19691;  Elzinga  k  Brace 
1986 

1024. 

Spbaeroeera  cnrvipes  Latreille 

[Hesche  19041;  CFrey  19211;  Kin 
&  Cook  1966;  Elzinga  k  Broce  19B6 

[Cole  19691;  Elzinga  k  Broce 
1986 

1025. 

Chyroayidae 

Cynocbyroiya  coacolor  (Halloch) 

Peterson  1916;  CFrey  19211 

[Cole  19691;  [Arnett  19851 

1026. 

Cryptochaetidae 

Cryptochaetui  tuberculatua*  Thorpe 

Thorpe  1941;  CHennig  19521 

Thorpe  1941 

1027. 

Braulidae 

Brauia  coeca  Nitzsch 

Ins  1942;  Hassanein  k  Abd  El- 
Salan  1962;  Peterson  1987 

Clausen  1940. 

1028. 

TRICH0PTERA 

SF.  Rhyacophiloidea 

Rhyacophilidae 

Agapetus  fuscipes  Curtis 

Durand  1955;  Crichton  1957 

ChessBan  1986 

1029. 

Rhyacnpftila  dorsalis *  (Curtis) 

CCranpton  1921d;  [Evans  19211; 

Slack  1936;  Lloyd  k  Lloyd 

1030. 

C Lloyd  k  Lloyd  19211;  CKrafka 
19231;  CPeterson  19511;  CBoto- 
saneanu  19561;  Badcock  1961; 
CFotius-Jaboulet  19641;  Hickin 
1968;  [Higgins  19841 

1921;  Higgins  1977,  1984 

Rftyacophila  septeatriopis  (HacLachlan) 

[Krafka  19231;  CDeoras  19531; 

[Crichton  19571;  CGillott 

1031. 

b 

[Durand  19551;  [Crichton  19571; 
Kleu  1966 

19801 

Hydrobiosidae 

Hydrobiosis  mbripeoiis  HacLachlan 
Slossosonatidae 

Tillyard  1926a 

Tillyard  1926a 

1032. 

Slossosoia*  sp. 

CUoyd  k  Uoyd  19211;  Hickin 

Hickin  1968;  Higgins  1977, 

1033. 

1968;  Higgins  1977,  19841 

1984 
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taxon 

•outhpart-aorphology  data 

dietary  data 

no. 

Hydroptilidae 

Agraylea  nultipunciata  Curtis 

[Durand  19551;  Crichton  1957; 
CHiggins  19841 

[Crichton  19571;  CGillott 
19801 

1034. 

Hydroptila*  sp. 

Das  1938;  Hickin  1968;  Higgins 
1977;  Horse  i  Holzenthal  1984 

Higgins  1977,  1984 

1035. 

Sf.  Hydropsychoidea 

Philopotaaidae 

Uolophiioides  distiactus  (Halker) 

Craiptan  1920b;  (Higgins  19641 

[Crichton  19571;  [Billott 
19B01 

1036. 

Uolophiioides  distiactus*  (Halker) 

[Das  19381;  [Badcock  19011; 

Hall ace  l  Halas  1976;  [Higgins 
1977,  19841;  [Conley  19781 

Wallace  6  Halas  1976; 

Higgins  1964 

1037. 

Horiaidia  occipitalis*  (Pictet) 

[Bottosaneaou  19561;  Satija  & 
Satija  1959;  Hickin  1968;  Hig¬ 
gins  1984 

Satija  6  Satija  1959; 

Higgins  1984 

1038. 

Stenopsychidae 

Pseudosteaopsyche  sugeas  Dfihler 

Dfihler  1915;  Crichton  1957 

[Crichton  19573;  [billott 
19803 

1039. 

Hydropsychidae 

Kydropsyche  aogustipeoais  (Curtis) 

[Benthe  18961;  [Deoras  19431; 
[Durand  19551;  Crichton  1957 

[Deoras  19441;  [Billott  19801 

1040. 

Hydropsyche  fulvipes*  (Curtis) 

[Kraika  19231;  Battler  1958;  CDas 
19381;  [Badcock  19611;  [Higgins 
1977,  19841;  Morse  t  Holzenthal 
19841 

Slack  1936;  Higgins  1977, 

1934 

1041. 

Kacraaeia  zetratoi*  Hagen 

Peterson  1951;  Higgins  1977; 

1978;  [Horse  6  Holzenthal  19841 

Peterson  1951;  Higgins  1977, 
1984 

1042. 

Polycentropodidae 

Piectrocneiaia  conspersa*  (Curtis) 

Hickin  1968;  [Conley  197B1 

Hickin  1968;  [Higgins  19B43 

1043. 

Polyceatropus  fiaroiaculatus  (Pictet) 

Deoras  1943;  Crichton  1957; 
[Higgins  19841 

[Deoras  19441;  [Billott  19801  1044. 

Dipseudupsidae 

Sipseudopsis  africaaa  (Jlier 

Uloer  1905;  [Cunnings  19131; 

[Crichton  19571;  [Billott 

1045. 

Ecnoiidae 

[Craapton  192351;  [Crichton  19571 

19801 

Ecnonus  teoeilus  (Raabur) 

Durand  1955;  Crichton  1957 

Chessnan  1986 

1046. 

Psychonyiidae 

Tiiodes  natter i  (Linneaus) 

Durand  1955;  Crichton  1957 

[Crichton  19573;  [Billott 
19803 

1047. 

Xiphocentronidae 
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turn 

uouthpartHmrphalogy  data 

dietary  data 

no. 

Sf.  Linnephiloidea 

Pbryganeidae 

Philostoais  postica*  (Walker) 

Lloyd  i  Lloyd  1921;  Kraika  1923; 
[Das  19383}  [Wiggins  1977,  19843 

Wiggins  1977,  1984 

1048. 

Phryganea  ciiera*  Walker 

[Lloyd  1  Lloyd  19211;  Wiggins 

[Lloyd  6  Lloyd  19211;  Hilne 

1049. 

1940,  1977;  [Badcock  19611; 

[Hinton  19631;  [Hickin  19681 

6  Hilne  1981;  Wiggins  1984 

Phryganea  striata  Linneaus 

[Cuaaings  I914bl;  [Durand  19551; 
Crichton  1957 

Crichton  1957 

1050. 

Phryganopsychidae 

Pftryganopsyche  latipennis*  (Banks) 
Brachycentridae 

Wiggins  1959 

Wiggins  1959 

1051. 

Crichton  1957 

1052. 

Brachycentrus  suboubiius  Curtis 
Linnecentropodidae 

Chathaaiidae 

Crichton  1957;  [Wiggins  19841 

1053. 

Pbilatstis  plebius*  (Walker) 

Anderson  6  Lattson-Kerr  1976; 

Leader  1976;  Anderson, 

Leader  1976;  Cowley  1978 

Fletcher  6  Lawson-Kerr  1977 

Tasiaiidae 

Tasiiia  aatasia  Hosely 

Hosely  1936;  Riek  1968b;  Neboiss 
1977 

Riek  1968b;  [Higgins  19821 

1054. 

Lianephilidae 

Anatolia  f areata  Leach 

Lucas  1893;  Kellogg  1895;  CUlaer 
1905;  CDeoras  19431 

[Deoras  19441;  6illott  19801 

1055. 

Anatolia  furcata*  Leach 

Lucas  1893;  [Kraika  19231; 

Wiggins  1977,  1984 

Wiggins  1977,  1964 

1056. 

Drusus  trifirfus*  HacLachlan 

[Botosaneanu  19561;  Fotius- 
daboulet  1961;  [Hickin  19681 

Wiggins  1977,  1984 

1057. 

Dicosioecus*  sp. 

Peterson  1951;  Wiggins  1977 

Peterson  1951 

1058. 

Liinephilus  f  lav  icon  is*  Fabricius 

[Kraika  19231;  Winkler  1959; 

Hickin  1968;  Wiggins  1977, 

1059. 

[Barbier  19611;  [Hickin  19681; 
[Higgins  19771 

1984 

Uinephihs  lunatus  Curtis 

[Packard  189B1;  [Durand  19551; 

[Critchon  19571;  [6illott 

1060. 

Crichton  1957;  [Richards  6  Davies 
19771;  Wiggins  1984 

19801 

Stenopbylax  peraistus*  HacLachlan 
Soeridae 

Frochot  1962;  [Hickin  19681 

Slack  1936;  [Wiggins  19841 

1061. 

1062. 

Goera  pilosa  Fabricius 

[Deoras  19431;  Durand  1955; 

[Crichton  19571;  [Billott 

Crichton  1957 

19801 

Goera  pilosaf  Fabricius 

[Lloyd  l  Lloyd  19211;  Kraika 

1923;  Hickin  1968;  [Wiggins  19771 

Hickin  1968;  Wiggins  19B4 

1063. 
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taxon 

Threaaatidae 

Tiirena  aooialus*  HacLachlan 

Uenoidae 
Lepidostoaatidae 
[epidosfma  hirtun*  (Fabricius) 

Qeconesidae 

Zeiandopsyc/ie  ingens  Tillyard 
Kokiriidae 

Tastiropsyche  lacustris  Neboiss 
Plectrotarsidae 

Piectrotarsus  graneahorstii  Kolenati 


Beraeidae 

Beraea  laurus  Curtis 

Sericosoaatidae 
Crunoecia  irrorata  (Curtis) 


Hotidobia  ciliaris  (Linneaus) 


Hotidobia  cilaris*  (Linneaus) 
Sericosiona  personaiun  (Spence) 
Conoesucidae 

PycBocentria  syltestris*  McFarlane 
Antipodoeciidae 
Calocidae 

Faiasia  variepata  ttosely 
Helicophidae 

lelolessica  cheira*  KcFarlane 
Kolannidae 

doiaasa  anpustata  Curtis 


doianna  angustata*  Curtis 


Qdontoceridae 

Bdontocerui  aibicornt  (Scopnli) 
Odoatoceru*  albicorne*  (Scopoli) 


aouthpart-iorphology  data 
Botosaneanu  1956;  Siudicelli  1971 

CKrafka  19233;  Hickin  1968; 
CMiggins  19773 

Tillyard  1921;  Conley  197B 

Neboiss  1977 

UUer  1905;  Cuniings  1914a; 
Craapton  1923b;  Nosely  1936; 
Crichton  1957 

Crichton  1957;  CMiggins  19843 

Crichton  1957 

Cunnings  1914b;  Durand  1955; 
Crichton  1957 

Hickin  1968 

Cuaaings  1914b;  Crichton  1957 
Conley  1978 

Hosely  1936;  Neboiss  1977 
Conley  1978 

Crichton  1957;  CMiggins  19843 

CKrafka  19233;  Badcock  1961; 
Hinton  1963;  Hickin  1968; 
CMiggins  1977,  19843 

Crichton  1957 

Hinton  1963;  Hickin  1968; 


dietary  data  no. 


Botosaneanu  1956;  Siudicelli  1064. 
1971 


Hickin  1968;  Miggins  1977, 
1984 

1065. 

CMiggins  19823 

1066. 

CMiggins  19823 

1067. 

CEillott  19803 

1068. 

CCrichton  19573;  CSillott 
19803 

1069. 

CCrichton  19573;  CSillott 
19803 

1070. 

CCrichton  19573;  CSillott 
19803 

1071. 

Hickin  1968 

1072. 

CCrichton  19573;  CSillott 
19803 

1073. 

Conley  1978 

1074. 

Hosely  1936;  CMiggins  19823 

1075. 

Conley  197B 

1076. 

CCrichton  19573;  CSillott 
19801 

1077. 

Miggins  1984 

1078. 

CCrichton  19573;  Sillott  1980  1079. 
Lloyd  i  Lloyd  1921  1080. 
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taxon 

■authpart-iorphology  data 

dietary  data 

no. 

Psiiotreia*  sp. 

Lloyd  &  Lloyd  1921;  Cranpton 

1921c;  Krafta  1923;  Horse  4  Hol- 
zenthal  1984;  Higgins  1977,  1984 

Higgins  1984 

1081. 

Atriplectididae 

Atriplectides  <Uibius*  Hosely 
Philorheithridae 

Neboiss  1978 

diet  undocunented 

1082. 

Tastaathrus  aagustipeiais  Hosely 
Helicopsychidae 

Hosely  1934;  Neboiss  1977 

Hosely  1934;  [Higgins  19821 

10B3. 

ffeii copsyche  horealis*  (Hagen) 

Lloyd  4  Lloyd  1921;  Krafta  1923; 
Higgins  1977,  1984 

Higgins  1977,  1984 

1084. 

Calaaoceratidae 

tfeteropiectroa  aiericaaui*  Halter 

Lloyd  4  Lloyd  1921;  Krafta  1923; 
Higgins  1977 

Higgins  1977,  1984 

1085. 

Leptoceridae 

Athripsodes  ci nera  Curtis 

Crichton  1957 

Crichton  1957 

1084. 

Hystacides  sepulchraiis  Halter 

Kellogg  1895;  [Deoras  19431 

[Deoras  19441;  Crichton  1957 

1087. 

LEPIOOPTERA 

So.  Zeugloptera 

St.  (licropterygoidea 

Heterobathniidae 

Heteroiathiia  psettderiacraaia  Philpott 

Kristensen  4  Nielsen  1979 

Kristensen  1984b 

1088. 

Heterobatluia  psettderiacraaia*  Philpott  Kristensen  4  Nielsen  1979,  1983 

Hudson  1928;  Kristensen  4 

1089. 

Nielsen  1983;  Kristensen  1984b 

Hicropterygidae 

dicropteryx  calthella  Linneaus 

Halter  1885;  tPactard  18951; 

CBusct  4  Bfiving  19141;  [Cranpton 
1923b] ;  Philpott  1927;  Pirngruber 
1944;  Portier  1949;  Hanneoann 

1954;  Kristensen  4  Nielsen  1979; 
Chauvin  4  Faucheux  1981 

Heath  1959;  Kristensen  1984b 

1090. 

dicrapteryx  caithella*  Linneaus 

Pactard  1895;  [Busct  4  Bdving 

Peterson  1948;  Dunbleton 

1091. 

19141;  Portier  1949;  Lorenz  1941 

1952;  Carter  4  Dugdale  1982; 
Kristense  1984b 

daetoaica  auricyanea  Halsinghan 

Busct  4  BBving  1914;  Cranpton 
1920b;  Philpott  1927;  Snodgrass 
1928,  1935;  [Ferris  19431; 

Portier  1949 

Kristensen  1984b 

1092. 

Palaeoaicroides  fasciatella  Issiti 

Issiti  1931 

Kristensen  1984b 

1093. 

Sabatinca  auruacella  Hudson 

Genthe  1898;  Till  yard  1923; 

Kristensen  1984b;  Thien  et 

1094. 

Philpott  1927;  [Issiti  19311; 
Portier  1949;  Snodgrass  1941 

al.  1985 
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taxon 

Sabatinca  barbarica*  Philpott 


So.  Dacnonyapha 
Sf.  Agathiphagoidea 
Agathiphagidae 

Agatbipbaga  n'tieasis  Dunbleton 

Agatbipbaga  vitiensis*  Duableton 

Sf.  Eriocranoidea 
Eriocraniidae 
Eriocraaia  saogi*  Hood 


Lophocaronidae 
topbocoroaa  pediasia  Coaaon 
Acanthopteroctetidae 
Sf.  Neopseustoidea 
Neopseustidae 

Arcbepioius  schiidi  Rutuura 

Heopseustis  *ey ricii  Hering 
So.  Exoporia 
Sf.  flnesarchaeoidea 
Hnesarchidae 

(f»es arcbea  loxoscia  Hayrick 


Sf.  Hepialaidea 
Prototheoridae 
Neotheoridae 

Neotbeora  chiloides  Kristensen 
Anoaosetidae 
Palaeosetidae 
Palaeophatidae 

Azaieodes  fuscipes  Nielsen 
Hepialidae 

Afrotbeora  tberiod as  (Heyrick) 

Hepialus  sp. 

Hepialus  buauli*  Linneaus 


Steaopis  tbuie  Strecker 


louthpartiorphology  data 
Tillyard  1922;  [Snodgrass  19353 

Dunbleton  1952;  Kristensen  1984b 
Dunbleton  1952;  Kristensen  1984a 

[Tragardh  19131;  Oayeuickreae 
1940;  [Hasenfuss  19691 

Tillyard  1923;  Philpott  1927; 
CPortier  19491;  Snodgrass  1961; 
Kristensen  1968a 

Coaaon  1973 

Hutuura  1971 
Kristensen  1968c 

Tillyard  1923;  Philpott  1927; 
[Kristensen  1968c,  19791;  Kris¬ 
tensen  t>  Nielsen  1981 

Kristensen  1978 

Nielsen  1987 

Nielson  l  Scoble  1986 

Kellogg  1895;  Philpott  1927 

[Forbes  19101;  [Craapton  1921d; 
Hinton  1947;  Hasenfuss  1969 

Kosher  1915 


dietary  data 

no. 

Hudson  1928,  1939;  Schutze 
1931;  Ford  1949;  Yasuda  1962; 
Kristensen  1984b 

1095. 

diet  undocuaented 

1096. 

Duableton  1952;  Coaaon  1973; 
Kristensen  1984b 

1097. 

layenickreae  1940 

1098. 

Kristensen  1984b 

1099. 

Coaaon  1973 

1100. 

[Kristensen  1968cl 

1101. 

[Kristensen  1963c! 

1102. 

Kristensen  h  Nielsen  1981 

1103. 

Kristensen  1978 

1104. 

diet  undocuaented 

1105. 

Nielson  &  Scoble  19B6 

1106. 

Richards  &  Davies  1977 

1107. 

Forbes  1923;  Heikle  1937; 
Pinhey  1975;  [Ottosson  6 
Anderson  19831 

1108. 

Richards  t  Davies  1977 

1109. 

Eriocraaia  seeipurpurella  Stephens 
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taxon 

•outhpart-iorphology  data 

dietary  data 

no. 

So.  Honotrysia 

St.  Nepticuloidea 

Nepticulidae 

Ectoedeaia  heinr icfti*  Busck 

OeGryse  1915;  CHeinreich  19181; 

CPeterson  19481;  CArnett 

1110. 

CHacKay  19721 

19851 

Kepticula  aalella*  Stainton 

CTragardh  19131;  CHeinreich 

Jayewickreae  1940;  HacKay 

1111. 

19181;  CJayewickreae  19401; 
Briolini  I960;  CHacKay  19721 

1972 

Opostegidae 

Dpostega*  sp. 

Tischeriidae 

Heinreich  1918 

CArnett  19851 

1112. 

Tischeria  larginea*  Haworth 

CTragardh  19131;  Heinreich  1918; 

Jayewickreae  1940;  CArnett 

1113. 

Jayewickreae  1940;  Hasentuss  1989 

19851 

St.  Incurvarioidea 

Incurvariidae 

Parachaevsia  aceriioliella*  Fitch 

Peterson  1948;  HacKay  1972 

HacKay  1972;  Arnett  1985 

1114. 

Tegeticuia  yuccaseiia  (Riley) 

Packard  1898;  Berlese  1909; 

Powell  8  Hackie  1988;  Davis 

1115. 

Craapton  1923b;  CPhilpott  19271; 
Portier  1949 

1987;  Baker  1988 

Prodoxus  guinguepnnctena*  Chaabers 
Heliozelidae 

Peterson  1948;  HacKay  1972 

Peterson  1948;  Arnett  1985 

1118. 

Coptodisca  spleadoriferella*  Cleaens 
So.  Ditrysia 

Snodgrass  1922b;  Peterson  1948 

Peterson  1948;  Arnett  1985 

1117. 

St.  Tineoidea 

Tineidae 

lindera  tesseliateiia*  Zeller 

Hinton  1957 

Hinton  1957 

1118. 

Tinea  ptllioaalla*  (Linneaus) 

Hinton  C19431,  1957;  Peterson 

Peterson  1948;  Hinton  1957; 

1119. 

1948;  CPortier  19491;  Herner  1958 

Arnett  1985 

Acrolophidae 

Psychidae 

Thrydopteryx  epheaeraeforais*  Haworth 

Ripley  1923;  Snodgrass  1928; 
Peterson  1948;  6riaes  i  Neunzig 
1988a 

Arnett  1985 

1120. 

Pseudarbelidae 

Eriocottidae 

Eriocottis  fnscaoeila  Zeller 
Arhennophanidae 

Qchseoheiaeriidae 

Nielsen  1978 

Nielsen  1978 

1121. 

Ocbsenheiaeria  vacculella  Roessler- 

Davis  1975 

diet  undocunented 

1122. 

Staa* 

Phyllocnistidae 

Phyllocaistis  suifitsella*  Zeller 

CTragardh  19131;  Jayewickreae 

Jayewickreae  1940;  Powell 

1123. 

1940;  Grand!  1959 

1980 

6racillariidae 

firaciiiaria  stigaatella*  Fabricius 

CTragardh  19131;  CDeGryse  19151; 

Hering  1954;  Powell  I960 

1124. 

Brandi  1915,  1959;  CHacKay  19721 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

Lyonetiidae 

fideiii'a  soiauleaiella*  Zeller 

Jayexickreae  1940;  HacKay  1972 

HacKay  1972;  Arnett  1985 

1125. 

Paraleucoptera  siauella*  Reutti 

Sf.  Selechioidea 

Briolini  1965 

Briolini  1965 

1126. 

Oecophoridae 

Depressaria  heracliaaa*  DeGeer 

[Forbes  19101;  Peterson  1948; 
HacKay  1972 

Clarke  1941;  HacKay  1972 

1127. 

ffecop/iora  bractella  (Linneaus) 
Ethaiidae 

CPhilpott  19271;  Clarke  1941 

[Richards  &  Davies  19771 

1128. 

Ethiia  ioogiiacuieZia*  Chaabers 
Stenoaatidae 

[Peterson  19481;  HacKay  1972 

HacKay  1972 

1129. 

Eriogeies  xesogypsa  Meyrick 

Duckxorth  1973 

[Richards  &  Davies  19771 

1130. 

Stenoia  scbZaegeri*  Zeller 
Xylorictidae 

Stathnapodidae 

Pterolonchiidae 

HcKay  1972 

HcKay  1972 

1131. 

Coleophoridae 

Coleophora  veroaiella*  Chaabers 

OeSryse  1915;  [Peterson  19481 

[Arnett  .19851;  [Davidson  & 
Lyon  19871 

1132. 

Blastobasidae 

Kaieatinia  gianduelia*  (Riley) 
Syaaocidae 

Elachistidae 

HacKay  1972 

HacKay  1972;  Arnett  1985 

1133. 

fiac/iista  ladarelia  (Cleaens) 

tSenthe  18981;  [Philpott  19271; 
Braun  1948. 

Braun  1948 

1134. 

Coelopoetidae 

Batracheidae 

Koaphidae 

It hoie  concoloreilai  (Chaabers) 
Blastodacnidae 

Gelechiidae 

Zinaeraan  1978 

Balduf  1974 

1135. 

Aristotlea  fterianeila*  (Fabriciusl 

Jayexickreae  1940;  HacKay  1972 

HacKay  1972 

1136. 

Gnoriioschexa  gallaesolidagais*  Riley 

[Peterson  19481;  HacKay  1972 

HacKay  1972 

1137. 

Scythrididae 

Scy thrzs  epilobiella*  HcDunnough 
Agonoxenidae 

Cosaopterygidae 

HacKay  1972 

HacKay  1972 

1138. 

Cosaopieryx  zieglerell a  Kuebner 

Si.  Alucitoidea 

[Philpott  19271;  Hodges  1962 

Hodges  1962;  Poxell  1980 

1139. 

Coproaorphidae 

Carposinidae 

Carposina  fertaidaaa*  Busck 

Alucitidae 

Eperaeniidae 

HacKay  1972 

HacKay  1972;  Arnett  19B5 

1140. 

Epiierina  aibapunctella*  Busck 

HacKay  1972 

HacKay  1972 

1141. 
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taxon 

aouthpart-aorptiology  data 

dietary  data 

no. 

61yphipterigidae 

Anthophiia  pariaaa*  Clerck 

St.  Yponoaeutoidea 

HacKay  1972 

HacKay  1972;  Arnett  19B5 

1142. 

Yponoaeutidae 

HacKay  1972;  Powell  19B0; 

1143. 

Aftera  anreat  Fitch 

Peterson  1948;  HacKay  1972 

CArnett  19851 

Aaphitheridae 
Argyesthiidae 
flouglasiidae 
Acralepiidae 
Heliodinidae 
Schreckensteiniidae 
St.  Sesioidea 
Choreutidae 


Sesiidae 

1144. 

Saaninoidea  sp. 

Snodgrass  1935;  Borror,  DeLong  4 
Triplehorn  1974 

[Arnett  19B5I 

1145. 

Podosesia  syringae*  (Harris) 

Peterson  194B 

Peterson  1948 

St.  Iiaoidea 

Iuidae 

1144. 

Ina  sp. 

Heyrick  1904;  Philpott  1927; 

(Coaaon  19791;  Holloway  et 

Holloway  et  al.  1937 

al.  1987 

St.  Cossoidea 

Cossidae 

1147. 

Cossus  cosstis*  Linneaus 

Forbes  1910;  Strenger  1952; 

Herner  195B 

Uvarov  1928;  Powell  1980 

Prinoxystus  robinae*  (Peck) 

[Craepton  1921d;  Snodgrass  1928; 
192B;  Peterson  194B;  HacKay  1972; 
C6riies  4  Neunzig  19B41 

Uvarov  1928;  Powell  1980 

1148. 

Zeuzera  pyrina*  Linneaus 

Hetarbelidae 

Dudgeoneidae 

Ripley  1923;  Peterson  194B 

Peterson  1948;  Arnett  1985 

1149. 

St.  Tortricoidea 

Tortricidae 

Peterson  1948;  Arnett  1985 

1150. 

Arc/lips  cerasivoraaa*  (Fitch) 

Forbes  1910;  Peterson  1948; 
[Sriaes  &  Neunzig  19B4bl 

Choristoaenra  argyrospila*  (Halker) 

Peterson  1948;  (Sriaes  4  Neunzig 
1984a,  198653 

Powell  1980;  (Arnett  19851 

1151. 

Choristoaeura  fuiiferana  (Cleoens) 

Hosher  1915;  Freeaan  1947 

Kilne  4  Hilne  1980 

1152. 

Cydia  poaonella*  Linneaus 

Bordas  1909;  Lopez  1932;  Peter¬ 

Powell  1980;  (Hill  19831; 

1153. 

son  1948;  Bradley,  Treaewan  4 
Saith  1973 

Arnett  1985 

Cochylidae 

Steaodes  alteraaaa  (Stephens) 

Bradley,  Treaewan  4  Saith  1983 

Bradley,  Treaewan  4  Saith 

1154. 
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taxon 

St.  Zygaenoidea 

Heterogynidae 

Zygaenidae 

■outhpart-aorphology  data 

dietary  data 

no. 

ftarrisina  aaericaaa*  Suernee 
Chrysopoloaidae 

Soaatobrachyidae 

Peterson  1948 

Peterson  1948;  Arnett  1985 

1155. 

Soiatoirachys  fufuscata  Klug 
Hegalopygidae 

Jordan  1916 

diet  undocumented 

1156. 

Lagoa  crispata*  (Packard) 
Liaacodidae 

Dalceridae 

Epipyrapidae 

Forbes  1910;  [Peterson  19481 

Arnett  1985 

1157. 

Epipoiponia  elovgata  Jordan 
Cydatornidae 

St.  Castnioidea 

Castniidae 

Jordan  1928 

diet  undocuoented 

1158. 

Castnia  icarus 

St.  Hesperoidea 

Hesperiidae 

Hiller  1971 

[Scott  19861 

1159. 

Epargyreus  clarus  Craaer 

Ehrlich  I960;  [Schnitt  19381 

Scott  1986 

1160. 

Paaoquiaa  ocola  Edwards 

Ehrlich  t  Ehrlich  1962 

Scott  1986 

1161. 

Quinta  canaae  (Herrich-Schatter) 

Hiller  1971 

Scott  1986 

1162. 

fag fades  ilesus  (Fabricius) 

Hiller  1971 

diet  undocumented 

1163. 

Urban  us  dorantes  (Stall) 
Hegathysidae 

Hiller  1971 

Pyle  1981;  Scott  1986 

1164. 

tiegathytus  yuccae  (Boisduval  & 
LeContei 

St.  Papilionoidea 

Papilionidae 

Hiller  1971 

Scott  1986 

1165. 

Battus  pbileaor  Linneaus 

Ehrlich  it  Ehrlich  1962 

Pyle  1981;  Scott  1986 

1166. 

Papilio  deaoleus  Linneaus 

[Schiitt  19381;  Vasudeva  19S6; 
Srivastava  1957;  [Ehrlich  195Bbl; 
[Ehrlich  &  Ehrlich  19621 

[Arnett  6  Jacques  19811; 
[Pyle  19811;  DeVries  1983 

1167. 

Parides  ipbidaius  Fabricius 

Ehrlich  it  Ehrlich  1962 

[Scott  19861 

1168. 

ZeinopaJpus  iaperaiis  Hope 

Fieri dae 

Ehrlich  1958b 

[Arnett  19851 

1169. 

Eureaa  der a  Doubleday 

Ehrlich  it  Ehrlich  1962 

[Arnett  6  Jacques  19811; 
[Scott  19861 

1170. 

Pieris  brassicae  Linneaus 

[Breitenbach  18821;  [Schaitt 
193B1;  Portier  1949;  Eastha*  it 
Eassa  1955;  [Ehrlich  it  Ehrlich 
19621;  Eassa  1963a,  1963b 

Nenjukov  1927;  Uvarov  1928; 
[Hill  19831;  Scott  1986 

1171. 
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taxon 

Lycaenidae 

Ceiastrioa  argiolus  Linneaus 
Lycaeaa  helloides  Boisduval 
Riodinidae 

Apodeiia  paiieri  Eduards 

tasaia  a gesiks  Latreille 
Libytheidae 
Ithoaiidae 
Danaidae 

Dataus  arch  ip  pus  (Fabricius) 


Satyridae 

Brassolidae 

Horphidae 

Aaalthusiidae 

Hyaphalidae 

Aoartia  fatfia  Fabricius 
Basiiarcha  archippus*  Craier 
Caliaaga  budda  Moore 
Heliconius  cbaritoiia  Linneaus 


Faaessa  cardui  Linneaus 


Panessa  cardui*  Linneaus 

Acraeidae 
SF.  Pterophoroidea 
Pterophoridae 

Platyptilia  carduidactyla*  Riley 

Tineodidae 
Oxychirotidae 
Si.  Pyraloidea 
Thyrididae 

Keobaasia  fuligiiea  Khali ey 
Hyblaeidae 


nouthpart-norphology  data 


Ehrlich  i  Ehrlich  1962 
CTaylor  19571;  Ehrlich  1958b 


Ehrlich  k  Ehrlich  1962 
Ehrlich  1  Ehrlich  1962 


Burgess  1880;  Kellogg  1893,  1695; 
[Schnitt  19381;  DuPorte  1956, 
1957;  CTaylor  19571;  [Ehrlich 
1958al;  [Ehrlich  1  Davidson 
19611;  [Ehrlich  k  Ehrlich  19621; 
[Evans  19841 


Ehrlich  6  Ehrlich  1962 
[Forbes  19101;  Peterson  1948 
Ehrlich  1958b 
Ehrlich  It  Ehrlich  1962 


CKirhach  1883,  18841;  [Halter 
1B851;  Ehrlich  k  Ehrlich  1962 

[Bordas  19091;  Sriaes  6  Neunzig 
1986a,  1986b 


Peterson  1948;  Brines  k  Neunzig 
1986a,  1936b 


Hhalley  1971 


dietary  data 

no. 

Scott  1986 

1172. 

[Arnett  k  Jacques  19811; 
Scott  1986 

1173. 

Scott  1986 

1174. 

Scott  1986 

1175. 

[Arnett  k  Jacques  19811; 
Arnett  1985;  Scott  1986 

1176. 

Scott  1986 

1177. 

Peterson  1948;  Scott  1986 

1178. 

diet  undocuaented 

1179. 

Arnett  k  Jacques  1981;  Scott 
1986 

1180. 

Arnett  k  Jacques  1981;  Scott 
1986 

1181. 

Arnett  k  Jacques  1981;  Scott 
1986 

1182. 

Peterson  1948;  [Arnett  19851  1183. 


Hhalley  1971  1184. 
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taxon 

Pyralidae 

Acroia  griseiia*  (Fabricius) 

Bisseiia  steiiellus 
Chilo  tmUicostalis  Haapson 
Chilotraia  iafuscatellus 
Galleria  aelioneila*  Linneaus 

Uaritaia  ruraixs  (Scopoli) 
Hoaoeosoaa  eiectelioa*  (Hulst) 


■outhpart-norphology  data 

Craapton  1921c;  Hinton  1943; 
Peterson  1948 

Puri  1958 

CSenthe  18981;  Puri  1957,  C19583 
Puri  1958 

Das  1938;  [Ferris  19431;  Hinton 
1943;  Peterson  1948;  Briaes  b 
Neunzig  1986b 

Rouchy  1964 

6riaes  b  Neunzig  1986b 


dietary  data 

no. 

Peterson  1948;  Arnett  1985 

1185. 

[Richards  b  Davies  19771 

1186. 

Puri  1957 

1187. 

diet  undocuaented 

1188. 

Uollaan  1911;  Uvarov  1928; 
Arnett  1985 

1189. 

diet  undocuaented 

1190. 

Arnett  1985;  Davidson  b  Lyon 
1987 

1191. 

Scirpophaga  aiirella  (Fabricius) 

Si.  Drepanoidea 
Thyatiridae 
Euthyatira*  sp. 

Drepanidae 

Drepaaa  arculata*  Walker 
Sf.  Geoaetroidea 
6eoaetridae 

flurapteryx  saibucaria*  Linneaus 
Aproprogonidae 
Epipleaidae 
Seaaturidae 
Axiidae 
Uraniidae 
Epicopeiidae 
Si.  Calliduloidea 
Callidulidae 
Pterothysanidae 
Si.  Hiaallonoidea 
Hiaallonidae 

iacosoia  chiridota*  Srote 
Si.  Boabycoidea 
Apetelodidae 
Boabycidae 

Boibyx  aori*  (Linneaus) 


Eupterotidae 

Anthelidae 

Brahaaeidae 


CPhilpott  19271;  Pradhan  k  Aren 
1941;  Puri  1958 

Peterson  1948 
Forbes  1910 

Short  1951 


[Richards  b  Davies  19771 

1192. 

Peterson  1948 

1193. 

Arnett  1985 

1194. 

[Arnett  19851 

1195. 

Forbes  1910  Peterson  194B;  Arnett  1985  1196. 

# 

6randi  1924a;  Peterson  1948;  Peterson  1948;  Arnett  1985  1197. 

Snodgrass  1961;  Richards  b 
Davies  1977 
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taxon 

Lasiocaspidae 

Halacosota  aiericaaa*  (Fabricius) 


Kalacososa  aeustria  Linneaus 

Endroaidae 

Lesoniidae 

Ratardidae 

Carthaeidae 

Carthaea  satunoiies  Halker 
Oxytenidae 
Cercophanidae 
Saturniidae 

Autoteris  io*  (Fabricius) 


Jr yocaipa  ruiicunda  (Fabricius) 

Eacies  iiperaiis  (Drury) 

Tele  a  poiypheius*  Craaer 
S-f.  Sphingoidea 
Sphingidae 

Acberoatia  atropos*  Linneaus 
Agrius  convolvuli  (Linneaus) 


Jiiina  tiliae  (Linneaus) 

Jiiina  tiliae*  (Linneaus) 

Dolba  hyioeus*  (Drury! 

Handuca  sexta  (Linneaus) 

Handuca  sexta*  (Linneaus) 

Sf.  Noctuoidea 
Dioptidae 
Thyretidae 
Notodontidae 

Schizura  concinoa*  (Saitb) 


Thauaetopoeidae 


southpart-sorphology  data 

[Forbes  1910!;  Snodgrass  1928; 
1947,  I960,  1961;  Peterson  1948; 
6rines  6  Neunzig  1986b 

CSchaitt  1938!;  [Snodgrass  19611; 
Rouchy  1964 

Coaaon  1966 

Forbes  1910;  Peterson  1948 

Kosher  1915 

Kichener  1952 

Forbes  1910;  Peterson  1948 

Bordas  1909;  Portier  1949 

Berlese  1909;  Snodgrass  1935; 
Portier  1949;  Richards  i  Davies 
1977 

CPhilpott  1957!;  Short  1951 
Short  1951 
Forbes  1910 

Berlese  1909;  Portier  1949 

Peterson  1912,  1948;  CDethier 
19371;  CDuPorte  19561 

Forbes  1910;  Craapton  1921c; 
Peterson  1948;  [Grises  6  Neunzig 
1986a,  1986bl 


dietary  data  no. 

Arnett  6  Jacques  1981;  Arnett  1198. 

1985 

[Snodgrass  19611  1199. 

Cosson  1966  1200. 

Peterson  1948;  Milne  6  Nilne  1201. 


1980;  Arnett  1985 

Kilne  t  Hilne  I960  1202. 
Hilne  i  Hilne  1980  1203. 
Arnett  1985  1204. 

Portier  1949  1205. 
Arnett  1985  1206. 

diet  undocusented  1207. 
diet  undocusented  1208. 
Peterson  1948;  Arnett  1985  1209. 
[Kilne  6  Kilne  19801  1210. 
Arnett  1985  1211. 


Hilne  &  Hilne  1980;  Arnett  1212. 
1985 
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taxon 

Lynantriidae 

aouthpart-aorphology  data 

dietary  data 

no. 

Orgyia  leucostigia*  (Siith) 

Kellogg  1902;  Snodgrass  1947; 
Peterson  1948 

Nilne  4  Milne  1980;  Arnett 
1985 

1213. 

Arctiidae 

Estig xene  acrea*  (Drury) 

Snodgrass  192B,  193S 

Milne  4  Milne  1980 

1214. 

Euchaetes  aglet  (Drury) 

Forbes  1910 

Peterson  1948;  Arnett  1985 

1215. 

Eyphattria  cuoea  (Cunea) 

Snodgrass  1935;  Borror,  DeLong  t 
Triplehorn  1974 

Milne  4  Milne  1980 

1214. 

Pyrrharctia  Isabella*  (Saith  Si  Abbott)  Dethier  1937;  Peterson  194H 

Arnett  1985 

1217. 

Lithosiidae 

Ctenuchidae 

Ctenucbia  sp. 

Craapton  1923b;  [Richards  4 

Davies  1977] 

[Milne  4  Milne  19801;  Arnett 
1985 

1218. 

Pericopidae 

Hypsidae 

Nolidae 

Noctuidae 

Calyptra  eustrigata  (Haapson) 

Banziger  1970,  1971,  £1980]; 

Saith  1985 

Banziger  1970;  Cochereau 

1974 

1219. 

Catocala  sp. 

Kellogg  1893,  1895;  Schaitt  1938 

[Milne  4  Milne  19801 

1220. 

Ca local a*  sp. 

Forbes  1910;  Peterson  1948; 

[Cruab  19543 

Peterson  1948;  Arnett  1985 

1221. 

Lacitipolia  reaigera*  (Stephan) 

Ripley  1923;  CHinton  1947]; 

[Cruab  1954] 

Peterson  1948;  Arnett  1985 

1222. 

Othreis  lateraa  (Linneaus) 

[Daruin  18751;  Srivastava  Si 
Bogauat  1949;  Banziger  1982 

Srivastava  4  Bogauat  1949; 
[Banziger  19B21 

1223. 

Papaipeia  sitela*  Buenee 

DeSryse  1915;  [Peterson  19481 

‘[Arnett  19851 

1224. 

Peridroia  aagaritosa*  (HaMorth) 

Ripley  1923;  Snodgrass  192B; 
[Cruab  19541 

Arnett  1985 

1225. 

fseubaletia  uaipuactas  (Haworth) 

Ripley  1923;  Peterson  1948 

Peterson  1948;  Arnett  1985 

1224. 

Spodoptera  eridaaia*  (Craner) 

Hoke  1941;  Peterson  1948 

Moke  1941;  [Ottosson  4  Ander¬ 
son  19831;  Arnett  1985 

1227. 

Agaristidae 

Agriotis*  sp. 

Dyar  1B94;  Ripley  1923;  Peterson 
194B;  [Cruab  19543 

[Hill  19831;  Davidson  4  Lyon 
1987 

122B. 

Cocytiidae 
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taxon  ■outhpart-eorphology  data  dietary  data  no. 


HYKENGPTERA 
So.  Syaphyta 
St.  Kegalodontoidea 


Xyleidae 

ffacmyeia  sp. 

Craapton  1921c;  1923b 

[Richards  4  Davies  19771 

1229. 

Negaxyela*  sp. 

Craapton  1921c;  Yuasa  1922; 
Peterson  194B 

Peterson  1948;  [Arnett  19851 

1230. 

Yyela  liaor  Norton 

[Craapton  I923bl;  [Berland  19471; 
Snodgrass  I960 

[Richards  4  Davies  19771 

1231. 

Hegalodontidae 

Negalodontus  spissicorais*  King 

Lorenz  1  Kraus  1957 

larenz  &  Kraus  1957 

1232. 

Paaphiliidae 

ffeurotona*  sp. 

Craapton  1921c;  [Peterson  19481; 
Lorenz  &  Kraus  1957 

Arnett  1985 

1233. 

Paiphiiius  ptllipes*  (Zetterstedt) 

[Yuasa  19221;  Short  1952;  Lorenz 

4  Kraus  1957;  [Richards  4  Davies 
1977 

Lorenz  4  Kraus  1957;  [Coa- 
stock  19771 

1234. 

Si.  Tenthredinoidea 

Ciibicidae 

AM  a  aiericanat  Cresson 

Yuasa  1922;  [Lorenz  4  Kraus  19571 

Yuasa  1922 

1235. 

Ciihex  aiericasa*  Leach 

[Berlese  19091;  [Craapton  I921d; 
Snodgrass  1935;  Peterson  1948; 
[Lorenz  4  Kraus  19571 

Suan  4  Papp  1972;  Arnett 

1985 

1234. 

Yridiiosoia  sordi*  Hartig 

Lorenz  4  Kraus  1957;  Yuasa  1922 

Yuasa  1922 

1237. 

Tenthredinidae 

jfopiocaipa  brevis*  Klug 

[Bird  19271;  [Peterson  19481; 
[Lorenz  4  Kraus  19571;  Srandi 

1959 

[Peterson  19483;  S*an  &  Papp 
1972 

1238. 

ifoplocaipa  halcyon  Norton 

Bird  1924;  [Berland  19471 

[Berland  19471;  (Arnett  19851  1239. 

Nacrophya  pluricincta  Norton 

[Senthe  18981;  Hatsuda  1957; 
[Berland  19471 

[Berland  19471 

1240. 

Pieronidea  ribtsii*  (Scopoli) 

Snodgrass  1928;  Peterson  1948; 

Das  193B;  Lorenz  4  Kraus  1957 

Peterson  1948 

1241. 

Pristiphora  erichsonii  (Hartig) 

Hong  1943;  [Berland  19471 

[Berland  19471 

1242. 

Pristiphora  erichsonii*  Hartig) 

Peterson  1948;  Hong  1943;  [Lorenz 
4  Kraus  19571 

Suan  4  Papp  1972 

1243. 

Argidae 

Arge  nadeayi*  Leach 

Peterson  1948;  [Lorenz  4  Kraus 
19573 

Peterson  1948;  CArnett  19851 

1244. 
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taxon 

•outhpart-norphology  data 

dietary  data 

no. 

Boisrus  siu'iis*  Norton 

Blasticotoiidae 

Yuasa  1922;  Peterson  1948; 

[Lorenz  4  Kraus  19573 

Peterson  1948 

1245. 

Siasticotoia  filiceti*  Klug 

Psrgidae 

Enslin  1917;  Lorenz  1  Kraus  1957 

Lorenz  4  Kraus  1957 

1244. 

Acorduiecera*  sp. 

Diprionidae 

Yuasa  1922;  Peterson  1948 

Yuasa  1922;  Peterson  194B; 
[Arnett  19851 

1247. 

Diprioa  hercyoiae  (Hartig) 

Sf.  Siricoidea 

Xiphydriidae 

Peterson  1948;  CArora  19531 

Peterson  1948 

1248. 

Xiphydria  caielus*  (Linneaus) 

Syntexidae 

Siricidae 

[Yuasa  19221;  Peterson  1948; 

Short  1952 

[Arnett  19851 

1249. 

Sxrex  cyaneus*  Fabricius 

Short  1952;  CChrystal  19301 

CSuan  4  Papp  19721;  Milne  4 
Milne  19801 

1250. 

Treaex  coiuiba*  (Linneaus) 

Orussidae 

Yuasa  1922;  Peterson  1948; 

Lorenz  &  Kraus  1957 

Yuasa  1922;  Arnett  1985 

1251. 

flrussus  occidental  is*  Cresson 

Sf.  Cephoidea 

Cephidae  • 

Yuasa  1922;  Rohuer  1917 

Rohuer  1917;  [Arnett  19851 

1252. 

Janus  cotpr esses*  Fabricius 

So.  Apocrita 

Div.  Parasitica 

Sf.  Ichneunonoidea 

Braconidae 

[Middleton  19171;  [Yuasa  19211; 
[Peterson  19481;  Brandi  1959 

[Milne  4  Milne  19801; 

[Arnett  19851 

1253. 

Apanteles  flavipes*  Caneron 

[Silvestri  19241;  [Short  19541; 
Teotia  1944 

Silvestri  1924;  Milne  4 

Milne  1980 

1254. 

Apanteies  gioieratus  (Linneaus) 

Brandori  1911 

Brandori  1911;  Arnett  1985 

1255. 

Satbyauiax  aiaai  Zaka-ur-Rab 

Zaka-ur-Rab  1978 

[Snan  4  Papp  19721 

1254. 

Sr  aeon  geiechiaet  Ashaead 

CGI  over  19341;  Naraykanan,  Rao  4 
Thakare  1955;  Teotia  1944 

[5xan  4  Papp  19721 

1257. 

S (togas  test aceus*  (Spinola) 

Ahnad  1943;  [Chatterjee  19431 

Ahnad  1943 

1258. 

Stenoiracon  dessae*  Caneron 

Aphidiidae 

Ichneuaonidae 

Alan  1952;  Naryanan,  Rao  & 

Thakare  1955 

«Alan  1952 

1259. 

FuJineria  crassifeaer*  (Thonpson) 

Thonpson  &  Parker  1930 

Thonpson  4  Parker  1930 

1240. 

Piipla  nucui*  Ratzeburg 

Silvestri  1924;  [Janvier  19331; 
[Beirne  19411;  [Gerig  19401 

Silvestri  1924;  [Step  19321 

1241. 
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taxon 

aouthpart-aorphalogy  data 

dietary  data 

no. 

Xorides*  sp. 

Short  1952 

diet  undocuaented 

1262. 

Agriotypidae 

Agriotypus  ariatus*  Curtis 

Short  1951 

[Swan  6  Papp  19721 

1263. 

Apazygidae 

Apozyx  pesyai  Hasan 

St.  Trigonaloidea 

Hason  197B 

diet  undocuaented 

1264. 

Trigonalidae 

Pseudogonalys  hah ni  Spinola 

Bugnion  1910 

Bugnion  1910 

1265. 

St.  Hegalyroidea 

Hegalyridae 

Stephanidae 

St.  Evanioidea 

Evaniidae 

Caaeron  1958;  Arnett  1985 

1266. 

Crania  appendigaster*  (Linneaus) 

Caieron  1958 

Sasteruptiidae 

Sasteruptioo  assectator*  (Linneaus) 

Short  1952 

Arnett  &  Jacques  1981; 
Arnett  1985 

1267. 

Gasteruptioa  jacuiator*  Linneaus 

Crosskey  1951 

[Arnett  19851 

1263. 

Aulacidae 

Aulacus  striatus*  Jurine 

St.  Proctotrupnidea 

Pelecinidae 

Short  1952 

diet  undocuaented 

[Clausen  19401;  Hilne  6 

1269. 

1270. 

Peiecinus  sp. 

Cresson  18B7;  DuPorte  1946 

Hilne  I960 

Honanachidae 

Proctotrupidae 

Pfiaeooserplms  viator*  Haliday 

Jackson  1961 

Jackson  1961 

1271. 

Heloridae 

Kelorus  paradoxus*  (Provancher) 
Raproniidae 

Vanhorniidae 

Clancy  1946 

Clancy  1946 

1272. 

Austraniidae 

Diapriidae 

Anarctopria  latigasier  Brues 
Scelianidae 

Yoshiaoto  1964 

[Arnett  19851 

1273. 

Platygasteridae 

Platygaster  h errickii*  Packard 

[Harchal  1906];  Hill  6  Eaery 
1937 

Hill  4  Eaery  1937 

1274. 

St.  Ceraphronoidea 

Ceraphronidae 

[ygocerus  testaceiiaeus*  Kieffer 
Hegaspilidae 

St.  Chalcidoidea 

Haviland  1921 

Haviland  1921 

1275. 

Chalcidae 

Silvestri  1924 

1276. 

Coaedo  iarvarua  Linneaus 

Silvestri  1924 

Hosodontoierus  deniipes  Boheaan 

Bucher  1948 

[Hilne  6  Hilne  19801 

1277. 
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taxon 

louthpartiorphology  data 

dietary  data 

no. 

Leucopsidae 

leucopsis  gigas  Fabricius 

[Habu  19621;  Boacek  1974; 
Yoshiaoto  1934 

Boucek  1974;  Arnett  19B5 

1278. 

Leucopsis  bop ei*  Spinola 

Eurytoaidae 

Janvier  1933 

Janvier  1933 

[Brown  19821 

1279. 

1280. 

Axiia  zabristiei*  Howard 

Burks  1966 

Toryaidae 

Ceratosoiea  sculeatus  Hayr 

Grandi  C19353,  1959 

Barth  1965 

1281. 

Ifeosycopbila  oieoiorpba  Grandi 

Grandi  1924b,  1959 

Grandi  1924a;  Arnett  1985 

1282. 

Agaonidae 

Blastopbaga  psenes  Linneaus 

Grandi  C 19251,  1959 

Salil  1978;  Janzen  1983; 
Arnett  1985 

1283. 

Pteroaalidae 

[Clausen  19401;  Richards  b 

1284. 

bason ia  vitripeniis*  Halker 

Cutler  1955 

Davies  1977 

Stenoiaius  liparae*  (Giraud) 

Short  1952 

Richards  b  Davies  1977 

1285. 

Perilaapidae 

Periiaipus  cbrysopae*  Crawford 

Clancy  1946 

Clancy  1946;  [Arnett  19851 

1286. 

Perilaipella  rapbidopborae  Ferribre 
Eucharitidae 

Ferribre  1929 

Ferribre  1929;  diet  unknown 

12B7. 

1288. 

Scbizaspidia  temiicornis*  Ashiead 
Eupelaidae 

Clausen  1923 

Clausen  1923 

Clancy  1946 

1289. 

Araebnophaga  pi cea*  (Howard) 

Clancy  1946 

Orayridae 

Encyrtidae 

Isoirotus  iceryae*  Howard 
Tanaostigaatidae 

Aphelinidae 

Signiphoridae 

Tetracaapidae 

Elasaidae 

Clancy  1946 

Clancy  1946 

1290. 

[Swan  b  Papp  19721 

1291. 

Kyiocneia  coi perei  Ashiead 

Saith  b  Coipere  1928 

Eulophidae 

Pnigaiio  aediterraneus*  Ferribre  b 

Delanue  b  Araabourg  1967 

Delanoue  b  Araabourg  1967 

1292. 

Delucchi 

Clancy  1946;  [Arnett  19851 

1293. 

Fetrasticbas  cbrysopae*  Crawford 
Trichograaaatidae 

Clancy  1946 

[Swan  b  Papp  19721 

1294. 

Apseudograiia  popei  Girault 

Hyaaridae 

Doutt  b  Viggiani  196S 

Jackson  1961 

1295. 

Anagrus  incarnatus*  Haliday 

5f.  Cynipoidea 

Jackson  1961 

Ibalidae 

1296. 

Ibaiia  Itucosporiies*  Hochenw 

Chrystal  1930 

Chrystal  1930 
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taxon 

Figitidae 

Figites  aatfioiyiarui*  (Bouchd) 
Cynipidae 

itbodites  rosae*  (Linneaus! 

Hiv.  flculeata 
SF.  Chrysidoidea 
Pluaariidae 
Piuiarius  sp. 

Chrysididae 

Chrysis  shanghaietsis*  Saith 
Dryinidae 

Tetnioitochelys  Ijmqhii  (Hestwood) 

Euboleaidae 

Scolebythidae 

Scolebythus  aadecassus  Evans 
Bethylidae 

Parasierola  gailicola*  KieFFer 

Pristocera  anifera  (Say) 
Loboscelidiidae 
5F.  Tiphioidea 
Tiphiidae ' 

E/aphr opiera  erytirura*  Spinola 
Sapygidae 

Fedtsctheatia  grossa  De  Saussure 
Hutillidae 
dutilla  iunulata* 

Sierolaaarphidae 
Bradynobaenidae 
Bradynobaeaus  sp. 

SF.  Poapiloidea 
Rhopalosoaatidae 
Sbopalosoiat  sp. 

Poapilidae 
Dipogon  say i*  Banks 

Pap sis  thisbe*  Lucas 

Pseudagenia  carbooaria*  Scupoli 
SF.  Foraicoidea 
Foraicidae 

Aphaenogaster  subterraaea*  Latreille 


Atta  sexdeas  Linneaus 


■outhpart-aorphnlogy  data 

dietary  data 

no. 

Jaaes  1928 

Jaaes  192B;  [Arnett  19851 

1297. 

Short  1952 

[Step  19321 

1298. 

Evans  1966 

Evans  1966;  diet  unknown 

1299. 

[Janvier  19331;  [Snodgrass  19351; 
Parker  1936 

Parker  1936 

1300. 

Richards  1939 

Richards  1939;  [Swan  4  Papp 
19721 

1301. 

Evans  1963 

Evans  1963 

1302. 

Silvestri  1924 

Silvestri  1924 

1303. 

Richards  1939;  Evans  1964 

Evans  1964;  Arnett  1985 

1304. 

Janvier  1933 

Janvier  1933 

1305. 

De  Saussure  1880;  Brothers  1975 

De  Saussure  1880 

1306. 

Janvier  1933 

Janvier  1933 

1307. 

Brothers  1975 

diet  undocuaented 

1308. 

Burney  1953 

Gurney  1953 

1309. 

Evans  1959 

Evans  1959 

1310. 

Evans  1959 

Evans  1959 

1311. 

6randi  1926 

Srandi  1926 

1312. 

[Peterson  19481;  Picquet  195B; 
[Kusnezov  1954bl 

Hilne  6  Milne  19B0 

1313. 

[U heeler  19271;  Bugnion  1930; 
Kusnezov  1954a 

Hi Ison  1971;  [Hill  19831; 
Arnett  1985 

1314. 
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taxon 

aouthpart-aorphology  data 

dietary  data 

no. 

CaipoBotus  ligniperda  Latreille 

CHheeler  19271;  Bugnion  1927, 

1930;  COsten  19B21 

[Arnett  A  Jacques  19611 

1315. 

Caiponotus  vagus*  Bcopoli 

CKheeler  19271;  Bugnion  1927, 

1930;  [Hi Ison  19753;  COsten 

19823 

[Milne  A  Milne  19801; 

[Arnett  A  Jacques  19811 

1316. 

Cataglyphis  bicolor  Fabricius 

Bugnion  1930 

Hi Ison  1971 

1317. 

Doiichoderis  garbei  Forel 

CHheeler  19271;  Bugnion  1930 

[Richards  it  Davies  19771 

1318. 

Doryius  xiivert/ii  (Eaery) 

Bugnion  1930;  Gatxald  1909 

Hilson  1971 

1319. 

Ection  burcbelli  Hestxood 

Wheel er  1927;  Gotuald  1909 

Hilson  1971 

1320. 

Foraica  rufat  Linneaus 

CHheeler  19271;  Picquet  1958; 
CKusnezov  1954bl 

Wilson  1971 

1321. 

(lessor  stractor  Latreille 

Bugnion  1930;  CKusnezov  1954b! 

Uvarov  1928;  Hilson  1971 

1322. 

Oecopbylla  siaragdina  Fabricius 

Bugnion  1927,  1930;  [Gotwald 

19731 

Hill  1983 

1323. 

Paltothyreus  tarsatus  Fabricius 

Bugnion  1930 

Hilson  1971 

1324. 

SF.  Scolioidea 

Scoliidae 

Scolia  bidets 

Bugnion  1919;  COsten  19821; 

[Plant  &  Paulus  19871 

[Milne  it  Milne  19801 

1325. 

SF.  Vespoidea 

Hasaridae 

Paragia  odyaeroides  Saith 

Richards  1902 

[Richards  19621 

1326. 

Euaenidae 

Euaenes  uaguiculas*  Villers 

Brandi  1959;  [Richards  19621 

Milne  it  Milne  1980;  [Arnett 
19851 

1327. 

Vespidae 

Polistes  gaiiiacus*  (Linneaus) 

Parker  1943;  [Snodgrass  19471; 
CSrandi  19593 

[Arnett  it  Jacques  19811; 
Hest-Eberhard  1983 

1328. 

Polistes  olivaceous  IDeGeer) 

CSaith  1B983;  CSrandi. 19591; 

Seghal  1963 

Milne  it  Milne  1980;  [Arnett 

A  Jacques  19811 

1329. 

Fespa  vulgaris  Linneaus 

Berlese  1909;  Kiraayer  1909;  [Liu 
«  19251;  [Snodgrass  1928,  I960]; 
Strenger  1952;  CNedel  I960!; 
Richards  1962;  [Richards  0  Davies 
19773 

[Milne  A  Milne  19801;  Hill 
1983 

1330. 

Fespula  genaaica  (Fabricius) 

[Snodgrass  19441;  [Ross  19651; 
Richards  it  Davies  1977 

Milne  A  Milne  1980;  Hill 

1983 

1331. 
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taxon 

kespuia  syivestris*  (Scopoli) 

Sf.  Sphecoidea 
Sphecidae 

Aiiopftila  caapesiris*  Latreille 

AiiopJiiia  subulosa  (Linneaus) 

Chalybioa  beagaleose  Dahlberg 

Prionyx  thoiae  (Pabricius) 

Sphex  idineuioneuj  (Linneaus) 

7acAytes  distiactus  Saith 

Si.  Apoidea 
Colletidae 

Coiietes  ftlgidus  Swenk 

Diptiaglossa  gay i  Spinola 
Hyiaeus  sp. 

Halictidae 

Halidas  farinosus  Saith 

Kolia  ieia«deri  Cockerell 

Specodes  sp. 

Andrenidae 

Aodrena  aiietica  Cockerell 


•outhpart-eorphology  data 
Short  1952 


[Kellogg  19021;  Srandi  1926; 
[Bohart  &  Hencke  19761 

[Kellogg  19021;  Ulrich  1924; 
[Osten  19B21 

Bugnion  1929;  [Bohart  &  flencke 
19761 

Bohart  k  Hencke  1976 

Bohart  !t  Hencke  1976 

Killians  1913;  [Bohart  6  Hencke 
19761 


[Saunders  18911;  CDeHoll  190B1; 
Hichener  1944;  [Stephen,  Bohart 
k  Torchio  19691;  [Plant  k  Paulus 
19871 

Janvier  1933;  Stephen,  Bohart  6 
Torchio  1969 

Saunders  1891;  DeHoll  1908; 

Nedel  1960;  Stephen,  Bohart  6 
Torchio  19691;  [Osten  19821; 
[Plant  k  Paulus  19871 

[Saunders  19811;  [Deaoll  19081; 
Hichener  1944;  [Stephen,  Bohart 
&  Torchio  19691;  [Osten  19821; 
[Plant  &  Paulus  19871 

[DeHoll  19081;  Stephen,  Bohart 
6  Torchio  1969 

Saunders  1891;  Stephen,  Bohart 
k  Torchio  1969 

[Saunders  18911;  [Saith  189B1; 
[DeHoll  19081;  [Snodgrass  19351; 
[Nedel  I960!;  Hichener  1944; 
[Plant  6  Paulus  19871 


dietary  data 

no. 

Hilne  6  Hilne  1980;  [Hill 
19831 

1332. 

Brandi  1926;  [Arnett  19851 

1333. 

[Arnett  6  Jacques  19811 

1334. 

Arnett  1985 

1335. 

Swan  k  Papp  1972 

1336. 

Arnett  k  Jacques  1981 

1337. 

Uilliaas  1913;  [Hilne  & 
Hilne  19801 

1338. 

Arnett  k  Jacques  1981 

1339. 

Janvier  1933 

1340. 

[Arnett  19851 

1341. 

Schwartz  1948;  Naage  1975 

1342. 

Stephen,  Bohart  k  Torchio 
1969;  Hilne  6  Hilne  1980 

1343. 

Arnett  1985 

1344. 

Step  1932;  [Arnett  k  Jacques  1345. 
Jacques  19811 
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taxon 

■outhpart-norphology  data 

dietary  data 

no. 

Aadreoaf  sp. 

Richener  1953 

Arnett  1985 

1346. 

Paaurgus  sp. 

Saunders  1891;  DeRoll  1903; 

[Plant  k  Paul us  19871 

[Step  19321;  Richards  St 

Davies  1977 

1347. 

Oxaeidae 

Protoxaea  ghriosa*  Fox 

Rozen  1964 

Rozen  1964 

1348. 

Helittidae 

dacropis  sp. 

Saunders  1B91;  Stephen,  Bohart  & 
Torchio  1969 

[Arnett  19851 

1349. 

Regachilidae 

hthidiut  atripes  Cresson 

Saunders  19B1;  Richener  1944; 
Stephen,  Bohart  i  Torchio  1969; 
Kinston  1979 

Richener  1944;  Arnett  1985 

1350. 

Fidelia  villosa*  Braun 

Rozen  1970 

Rozen  1970 

1351. 

degachiie  sp. 

Saunders  1B91;  [Stephen,  Bohart 
k  Torchio  19691;  [Kinston  19793 

Swan  St  Papp  1972;  [Rilne  St 
Milne  19801;  [Arnett  St 

Jacques  19811 

1352. 

Ostia  sp. 

Saunders  1891;  DeRoll  1908;  Nedel 
1960;  Stephen,  Bohart  k  Torchio 
1969;  [Plant  k  Paulus  19871 

[Arnett  &  Jacques  19811; 
Arnett  19B5 

1353. 

Anthophoridae 

Anthophora  edmrdsii  Cresson 

[Saunders  16911;  [DeRoll  19083; 
Richener  1944;  [Stephen,  Bohart 
k  Torchio  19691;  [Kinston  19791; 
[Plant  k  Paulus  19873 

Suan  St  Papp  1972;  Rilne  St 
Rilne  1980;  [Arnett  19851 

1354. 

Aothophora  staofordiaaa*  Cockerell 

Richener  1953 

Arnett  1985 

1355. 

Facer  a  sp. 

Saunders  1891;  DeRoll  1908; 
[Kinston  19791 

Barth  1985 

1356. 

Triepeolus  retigatas*  (Fabricius) 

[Richener  19531;  Stephen,  Bohart 
k  Torchio  1969 

Stephen,  Bohart  St  Torchio 
1969 

1357. 

Xyiocopa  rirginica*  ILinneaus) 

[Berlese  19093;  [Snodgrass  19471; 
Richener  1953 

[Arnett  St  Jacques  19811; 
Frankie  &  Daly  1983 

1358. 

Apidae 

Apis  i ellifera  linneaus 

Briant  1894;  Breithaupt  1886; 
Saunders  1891;  DeRoll  1908;  Kel¬ 
logg  1902;  Snodgrass  1928,  1935, 
I960;  DuPorte  1946,  1957;  Costa- 
Cruz  1962;  Ross  1965;  Stephen, 
Bohart  k  Torchio  1969;  Ronoser 
1973;  Atkins  1978;  [Kinston 

19791;  Hasuko  1986;  [Plant  k 
Paulus  19871 

Kilne  &  Hilne  1980;  Arnett  h 
Jacques  1981 

1359. 
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taxon 

/(pis  aellifera*  Linneaus 

Boibus  aiericanorut*  Fabricius 

Boabus  vosaesetskii  Radoszkouski 

Psitfiyrus  sp. 

Trigoaa  cupira*  Saith 
Trigona  scaptatrigona 


aouthpart-norphology  data 

Nelson  1924;  Peterson  1948; 
Michener  1953;  Stephen,  Bohart  4 
Tor chi o  1949 

[Short  19521;  Hichener  1953; 
Stephen,  Bohart  4  Torchio  1949 

[Kraepelin  18821;  Saunders  1891; 
tSnith  18981;  Hichener  1944; 
Nedel  1940;  Stephen,  Bohart  4 
Torchio  1949;  [Ninston  19791; 
[Harder  19811;  [Plant  4  Paulus 
19871 

Saunders  1B91;  Liu  1925;  Stephen 
Bohart  4  Torchio  1949 

Hichener  1953 

Nedel  1940;  Kerr  4  Costa-Cruz 
1941;  Costa-Cruz  1942;  [Plant  4 
Paulus  19871 


dietary  data 

no. 

Peterson  1948;  Richards  4 

1340. 

Davies  1977 

[Arnett  4  Jacques  19811 

1341. 

[Arnett  4  Jacques  19B11; 

1342. 

Heithaus  1983 

Arnett  1985  1343. 

[Johnson  19831  1344. 

[Costa-liaa  19481;  [Johnson  1345. 
19831;  Barth  1985 
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APPENDIX  C 


DATA  ENTRIES  OF  HOUTHPART  H0RPH0L06Y  CHARACTER-STATES  FOR  RECENT  INSECT  SPECIES* 


order  taxon  _ enuthoart  ■orpholoqy  data _  dietary 

I  II  III  IV  V  VI  VII  VIII  IX  data 

1.  PRO  Acerentoioa  affine .  CCBCAAAE  ACA  FB6BCB  DC  BBDS  BSD  BKBDF  CCSEFCDFF  DCFCJPKDB  BNDEEFA 

2.  PRO  Acerentnius  tiaraeus .  CCBCAAAE  AAA  FBBBCB  DC  CBEB  BSD  BKBDF  CCBDFDDFF  DCFBJPKDB  BNDBEFA 

3.  PRO  Eosentoios  iransitorim  .  .  .  CBBBAAAE  AAA  FBFBCB  DB  CBEB  BEB  BKBDF  DC6EFDIFF  DCFCJPKD6  BNDBEFA 

4.  CON  DnycAiurus  anafus .  CAABAAAA  CEA  FAABFA  DB  CBEA  CDB  BBCBA  DC6BIBBLA  DBBAAHAA6  EUDEDFA 

5.  CON  Orcbesella  ciicta  ......  CABBAAAA  CED  FAABCA  BB  CBBA  CCS  BfiEBA  DC6BJDBJA  DCE8JAAD6  EZADDFA 

6.  CON  Folsotia  Candida .  CAABAAAA  CEA  FAABBA  BC  CBBA  CDE  BfiEBA  0C8CBDILA  DCBAAKAA6  EVCEDFA 

7.  CON  Toiocem  flat  bens . CABBAAAA  CED  FAABCA  DC  CBBA  CCE  BfiEBA  DCSCJDBJA  DCBAAHAAB  ELCDDFA 

B.  CON  Braetiystoieila  parvuia.  .  .  .  CABBAAAA  NED  FAABDA  CB  CBBC  CFE  BAAAA  DDEAAABLE  DBFDEHADB  L*CEEFA 

9.  CON  Aaarida  lariiiia .  CABBAAAA  NED  FAABCA  DB  CBBA  CCE  BQDBA  DCEAAAIKA  DCBAAHAAA  CMBDCFA 

10.  CON  deaiura  luscorui .  CCBCAAAA  CED  FBCBCB  DC  BBOA  BCF  BfiDDF  DCCAAAAEF  DCBAABBAS  BLCEDFA 

11.  CON  DeuterosiitAaras  5-fasciatas.  CABBAAAA  IED  FAAACA  CB6A  CCE  BfiEBA  CCCAAAALA  DCBAAHAAB  EUCDDFA 

12.  DPL  Caipodea  cftardardi .  CAACAAAA  DAA  FAABCA  DB  CBBA  CDE  BfiDBA  CC6BJDBKA  DCFBJBBDB  DUCDDFA 

13.  DPL  Heterojapyx  gallardi.  ....  CAACAAAD  DAA  FAABFA  DB  CBBA  CCE  BfiDBA  CC6DBCBHA  CCFCBBBCB  EBCDDFA 

14.  DPL  Japyx  aajor  .  CAACAAAD  DAA  FAABFA  DB  CBBA  CBE  BfiDBA  CC6DBDINA  CC6BJJCD6  EBCDDFA 

15.  ARC  NacMIas  sp . CBCAAAAC  BEB  CAABAA  CB  CBBA  CDB  BfiEBA  BC6EBBBJA  DDBDBB  CA  EVCDDFA 

16.  ARC  Fetrobias  brevistylns  ....  CBCAAAAC  BEB  CAABDA  CB  CBBA  CDH  BfiEBA  CC66SBBNA  DDBDCICCA  E*ADDFA 

17.  ARC  Hesotacbilas  noricns  ....  CBCAAAAC  BAB  CAABDA  CB  CBBA  CDH  BfiEBA  CCSBBBBKA  DDBDCI  CA  EVCDDFA 

18.  TYN  TricAoiepidon  gertscbi.  .  .  .  CBBCAAAA  BDD  CAABFA  DB  BBBA  CBE  CBEBA  BCBFCEJKA  BCBECHCCA  EUCDEFA 

19.  TYN  Acrotelsa  collar  is . CAACAAAA  CAA  CAABFA  DC  CBBA  CEE  CDB BA  CCSFCBBNA  ECGDCBBCA  EVCDOFA 

20.  TYN  Ctenoiepisia  loogicaadata  .  .  CAACAAAA  CAA  CAABFA  DC  CBBA  CEE  CDDBA  CCSFBBBNA  ECBDCBBCA  EACDDFA 

21.  TYN  Lepisaa  sp . CACCAAAA  CAD  CAABFA  DB  DBBA  CBE  CDDBA  CB6FBCBNA  EC6DCBFCA  EZCDDFA 

22.  TYN  Thenobia  doaestica  .  CACCAAAA  CAD  CAABFA  DB  DBBA  CBE  CDDBA  CB6FBBHHA  ECBDCFFBA  EZCDDFA 

23.  TYN  Proirinemra  tediterranea  .  .  CAACAAAA  BAA  CAABFA  CB  CBBA  CBE  CDDBA  CC6FCEPKA  DCGDCFFCA  EUCDDFC 

24.  EPH  Aieietas  inopinatas* .  CABAAAAA  BDB  BAACFA  DC  CBCA  CDE  CBEBA  CCBDBBIBA  DCSDBCCCA  EACDBBA 

25.  EPH  Siphloaeeras  lacustrns*  .  .  .  CABAAAAI  BDB  BAACCA  CC  CBCA  CFE  CCFBA  CBHDBCNfiA  DCBDCCCCA  L*CCBBA 

26.  EPH  Jlietropos  iragilis*  .  BABAAAAI  BDD  CAACCA  CB  DBCA  CFC  CCFBA  CBHDBCNfiA  DCSD  HJCA  L*CCBBA 

27.  EPH  Baetis  r/iodani*  .  BABAAAAA  BDC  CAACCA  CB  CBCA  CFB  CCFBA  CCHCBCNBA  DBBDCFJCA  B*CCBBC 

28.  EPH  Cbloeoa  dipteral*  .  CABAAAAA  BDC  CAACCA  DB  CBCA  CDC  CCFBA  CCHDBBNSA  DCBDCHFDA  BfCCBBC 

29.  EPH  DiigoneurieiZa  r/ienana*  .  .  .  CABAAAAI  BDD  CAACCA  B  CBNA  CFC  CCFBA  CB6CBCI  A  DC6C  CA  L*CCBBA 

50.  EPH  IsonycAia  ijaota*  .  CABAAAAI  BDB  BAACFA  CC  CB6A  CDE  CBEBA  CCBCBCI  A  DCBCECCCA  L*CCBBA 

31.  EPH  Artfiropiea  congener*.  ,  ,  .  ,  CABAAAAI  BDD  CAACAA  DB  DBBA  CCC  CCFBA  CCKC6BN6A  OCSCEHJCA  NtCCBBA 

32.  EPH  Ecdyonorits  belveticus*.  .  .  .  CABAAAAI  BDD  CAACCA  CB  DBBA  CFE  CCFBA  CCHCBCNflA  DCBCEHJDA  N*CCBBA 


‘Asterisks  after  soie  Latin  binoaens  designate  inature  stages  (i.e.  nyaphs,  naiads,  or  larvael 
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33.  EPH  Ecdyarus*  sp . CABAAAAI  BDD  CAftCCA  CB  DBBA  CFC  CCFBA  CCHC6BNBA  DCSCEHJCA  H»CCBBA 

34.  EPH  Reptagenia  ihvH . CABAAAAI  BDD  CAACCA  CB  DBBA  CFC  CCFBA  BCHCECN8A  DCBCFHJDA  IHCC2BA 

35.  EPH  Lepeorus  joy i* . CABAAAAI  BDD  CAACCA  DB  DBBA  CFC  CBFBA  CCHD6CHJA  DC6DEUCA  H*CC8BA 

36.  EPH  Stenoiena  vicariuH  .  CABAAAAI  BDD  CAACCA  BC  CBBA  CFC  CCFBA  CBHCGCNBA  DCBCFHJDA  H*CCBBA 

37.  EPH  Stenoiena  vicariui .  BBCAAAAA  BOB  C6ACAA  CB  CBBA  CCA  CABAA  BBFCJDAAA  DBEBJAADA  82EAEFC 

38.  EPH  Habroleptoides  aodesta*  .  .  .  BABAAAAI  BDD  CAACCA  DB  CBCA  CFC  CCFBA  CBHD6CNBA  DCEDEHICA  H*CCBBA 

39.  EPH  iepiophlebia*  sp . CACAAAAI  BDD  CAACCA  DB  CBBA  CFC  CCFBA  C8HD6BNBA  DCSDEHJCA  IUCCBBA 

40.  EPH  faraleptophlebia  su6iarginata»BACAAAAI  BDD  CAACCA  CB  CBBA  CFC  CCFBA  CCKDGBNBA  DCEDEHICA  H*CCBBA 

41.  EPH  Rithrogenia*  sp . CACAAAAI  BDD  CAACCA  CB  CBBA  CFC  CCFBA  CBHDGCN8A  DBEDEHJCA  HeCCBBA 

42.  EPH  Seltaingia  ulieri* . CACAAAAC  BDD  CAABFA  CB  DBBA  CDC  CDFBA  BBHCSBtiBA  DBECEFICA  H*CC6BA 

43.  EPH  Potaiant/ius  Iuteus*  .  CACAAAAI  BDD  BAACFA  DC  DBSA  CFC  CCDBA  BBHDBCNBA  DCFDEHICA  LeCCBBA 

44.  EPH  Eptioron  Virgo*- . CBCAAAAI  BDD  BAACAA  CB  CBBA  CPH  CFFBA  BBHCCCNBA  DBSCEHICA  fUCCSBA 

45.  EPH  Epheaera  volgata* . CBCAAAAI  BDD  BAACAA  CB  CBBA  CFB  C  JBA  BCHDSBN8A  DCSDEHJCA  fKCEBA 

46.  EPH  llexagenia  recurvata  .  BACAAAAA  BDB  CBACAA  CB  DBBA  CAA  CABAA  BBFBJAAAA  EBEBJAADA  BXEAEFA 

47.  EPH  Hexageaia*  sp . CBCAAAAI  BDD  BAACAA  CB  CBEA  CFB  CFJBA  BBHDBBNBA  DBGDEKJCA  WCCGBA 

48.  EPH  Paiingenia  longicauda*.  .  .  .  CBCAAAAI  BDB  BAACAA  CB  CBBA  CFB  CHIBA  BBHDBCNBA  DBBCEDICA  M*CC6BA 

49.  EPH  Epbeaerella  ignita* . BABAAAAI  BDD  CAACCA  CB  CBBA  CFC  CCFBA  CCHDICHBA  DCSDEHJCA  UCCBBA 

50.  EPH  Caenis  nacrura*  .  BABAAAAI  BDD  CAACCA  CB  DBBA  CFC  CCFBA  CBHDGCH8A  DCSDEHJCA  UCCBBA 

51.  EPH  Prosopistoia  foiiaceuU  .  .  .  CABAAAAA  BDD  CAABFA  DB  DBBA  CBE  CBDBA  BCHDBCN8A  DBFDBJICA  B8CDBBA 

52.  ODD  Lestes  barbarus  .  BBCCABAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

53.  ODO  Agrion  hastuiatui* .  BDCAAAAA  BDD  BAABCA  CC  BBBH  CBE  CDDBA  CCHBUNBA  BCFC6JHCF  E8CDBBA 

54.  ODO  Pseudagrioa  decor ui  .  BBCCABAB  BDB  CAABCA  DC  CBBA  CBE  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

55.  ODO  Hnais  strigata . BBCCABAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  CEHBKCNBA  DCFCHJHDA  EQCDEFA 

56.  ODO  Epioplile&ia  superstes*.  ■  .  .  CDCAAAAA  BDB  BAABCA  CC  BBBH  CBE  CBDBA  CCHBKDMBA  BCFCGJHCF  EBCDBBA 

57.  ODO  Epiopblebia  superstes  ....  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  SEHBKCNBA  DCFCHJHDA  EBCDEFA 

58.  ODO  Davidius  nanus . CBCCAAAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  CEHBKDNBA  DCFCHJHDA  EBCDEFA 

59.  ODO  Soip/ws  agricola . CBCCAAAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

60.  ODO  IctinogoipAus  rapax  .  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

61.  ODO  Ictinus  angulosus  .  CBCCAAAB  BDB  CAABCA  CC  CBBA  CBE  CBEBA  CBHBKBNBA  CCFCHJHDA  ESCDDFA 

62.  ODO  Onyc/iouoipiius  ardens . CBCCAAAB  BDB  CAABCA  DC  CBBA  CBC  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

63.  ODO.  4eshaa  cyansa* .  CDCAAAAA  BDB  BAABCA  DC  BBSH  CBE  CDDBA  CCHBKCNBA  BCFC6JHCF  EBCDBBA 

64.  DDO  Aesbaa  juncea  .  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBC  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

65.  ODO  An  ax  junius* . CDCAAAAA  BDB  BAABCA  DC  BBBH  CBE  CDDBA  CCHBKBNBA  BCFCSJHCF  EBCDBBA 

66.  ODD  Anax  junius  .  CBCCAAAB  BDB  CAABCA  CC  BE6A  CBE  CBDBA  CEHBKCNBA  DCFCHJHDA  EBCDEFA 

67.  ODO  Cordulegaster  boltoai  ....  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBH  CBDBA  CCHBKCNBA  DCFCHJHDA  EBCDEFA 

6B.  ODO  Bracftyt/ieiis  contaninata.  .  .  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBE  CBDBA  CEHBKCNBA  DCFBHJHDA  EBCDEFA 

69.  ODO  CrocotJieais  serviiia .  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBE  CBHBA  CEHBKCNBA  DCFBHJHDA  EBCDEFA 

70.  ODO  Libellula  quadriaaculatat  .  .  CCCCAAAA  BDD  BAABCA  DC  BBBH  CBC  CDDBA  CCHBKCDBA  CCFCEJHDF  EBCDBBA 

71.  ODO  Libellula  quadriaaculata*  .  .  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBC  CBDBA  CEHBKCNBA  CCFBHJHDA  EBCDEFA 

72.  ODO  flrtlietru*  taeniolatun  ....  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBC  CBDBA  BEHBKCNBA  DCFBHJHDA  EBCDEFA 

73.  ODO  Pantaia  flavescens .  CBCCAAAB  BDB  CAABCA  DC  BBBA  CBC  CBDBA  CEHBKCNBA  DCFBHJHDA  EBCDEFA 

74  BLA  Cryptocarus  punctulatus  .  .  .  CBCAAAAC  BCD  CAACCA  DB  CBBA  CBE  CBDBA  CCBFCBHKA  CCEDCCBCA  EKCDDFA 

75  BLA  Biatta  urientalis  .  CBBAAAAC  BCD  CAABBA  DC  DBBA  CBE  CBEBA  CEBECBHKA  CDEDDEBCA  DUCBDFA 

76  BLA  Periplaneta  australasiae.  .  .  CBCAAAAC  BCD  CAABBA  DC  CBCA  CBE  CBEBA  CE6FCBKKA  DDBDDEBBA  DUCDDFA 

77.  BLA  Blatella  jerianica .  CBCAAAAC  BCD  CAABBA  DB  CBCA  CBE  CBEBA  BESFCBHKA  DD6DDEBCA  DiCDDFA 

78  BLA  Parcoblatta  pensyivanica.  .  ■  CBCAAAAC  BCD  CAABBA  CB  CBBA  CBE  CBEBA  CESFCBHKA  DD6DDEBCA  D&CDDFA 

79.  BLA  Blaberus  craaifer  .  CBBBAAAC  BCB  CAABCA  CB  CBBA  CBE  CBDBA  CCSFCEHKA  CCSDDBBCA  EKCDDFA 
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30.  NAN  Ereaiaphila  so . CBCAAAAB  COB  CAABCA  CB  CBBA  CBE  CBBBfl  CEGFC3MKA  0DSBD8BBA  EflCBEFA 

81.'  HAH  (tantis  religiose . CBCAAAAB  COB  CAABCA  CB  CBBA  CBE  CBOBA  CE6FCBMKA  DDBDDFFBA  EBCDEFA 

8z'  MAN  Stagnoaantis  Carolina  ....  CBCAAAAB  COB  CAABCA  CB  CBBA  CBO  CBBBA  BEGFCBNKA  DDBDDFFBA  E8CDEFA 

83  MAN  Teoodera  sinensis  .  CBCAAAAB  CDB  CAABCA  CB  CBBA  CBC  CBDBA  CEBFCBMKA  DDBDDBBBA  ESCDEFA 


ISO  Jlastoteries  darainensis  .  .  .  CBCBAAAA 
ISO  Kaioteraes  flavicoliis  .  .  .  CBABAAAA 

ISO  Ardioteraopsis  sp . CBABAAAA 

ISO  Tenopsis  sp . CBCBAAAA 

ISO  Zooteraopsis  angasticoliis.  .  CBCBAAAA 

ISO  Rhinoteraes  taurus . CBCBAAAA 

ISO  Serriteraes  serrifer . DCCBAAAA 

ISO  ifacroteraes  gilrus . DCBCBAAA 

ISO  Rasatiteraes  cJiagaiaayensis  .  CBCBAAAA 
ISO  fldontoteraes  oiesas  (alatel  .  CBCBAAAA 
ISO  fldontoteraes  oiesas  (yorker).  CBABAAAA 
ISO  fldontoteraes  oiesas  (soldier)  DBABAAAA 


DCB  BAACBA 
DCA  BAABBA 
DCA  BAABBA 
DAD  BAABCA 
DAD  BAABCA 
DCB  BAACBA 
CBD  BAACCA 
DCB  BAABBA 
DCB  BAACBA 
DCB  BAACBA 
DAA  BAACBA 
DAA  BAABBA 


DC  CBBA 
DC  CBBA 
DC  CBBA 
DC  CBBA 
DC  CBBA 
CC  CBBA 
CB  CSEA 
CC  CBBA 
CC  CBBA 
CC  CBBA 
CC  CBBA 
DC  CBEA 


CBE  CDEBA 
CBC  CDEBA 
CBE  CFBBA 
CBE  CFBBA 
CBE  CDEBA 
CBE  CDEBA 
CBE  C6IBA 
CBE  CBEBA 
CBE  CDEBA 
CBJ  CDEBA 
CBJ  CDEBA 
CBE  CFBBA 


CE6FCBMKA 

CEBFCCMKA 

CEGFCBMKA 

CE6FCCMKA 

CESFCCHKA 

CEBFCCMKA 

CEHECBOSA 

CEBFCCMKA 

CESFCBMKA 

CEBFCCMKA 

CE6FCCHKA 

CEBFCCMKA 


CCBDDFCCA 
CCBDOBCDA 
CCGDDBCCA 
CCSDDBCBA 
CC6DDBCBA 
DCSDDBC  A 
DCGCDCBCA 
CCBDDBC  A 
DCGDDBCBA 
DCBDDBCCA 
DCSDDSCCA 
CCBDDBCBA 


EKCDDFB 

EKCDECC 

E2BEDFD 

EICEDFD 

EZCDDFA 

EKCDBFA 

EUCDDFD 

ENADGFA 

EKCDBFD 

ENCDBFB 

EKCDGFC 

ENCEBFD 


96.  GRY  flryiloilatta  caapodeiforais  .  CBCAAAAA  CAA  BAABCA  DC  CBKA  CBB  CBDBA  BESFCBFKA  DDSDDFCBA  E8CDDFA 


ORT  Stenopelaatas  sp . CBBAAAAA  CAD  CAABCA  CC  CBBA  CBE  CBEBA  BESFCBFKA  DDBDDCCBA 

ORT  Cooloola  propator  .  EBBBAAAA  CDD  CBCBCA  CE  CBBA  BBI  CBIBA  CESFCEBDF  CD6DDCCCA 

ORT  firyiiacris  Ieefaaasi . CBDBAAAA  BAD  CAABCA  CBBA- CBE  CBDBA  CEGFCEFCA  DC6DCCC8A 

ORT  Racropatias  filifer  .  CBBAAAAA  CBD  CAABCA  DC  CBCA  CBI  CBDBA  BD6FCEFKA  CDSDCCCBA 

ORT  Tacfiycines  asynaaoras  ....  CBBAAAAA  CDD  CAABCA  CB  CBBA  CBE  CBDBA  BEBFCEFKA  DDBDDFCBA 

ORT  Cypio denis  sp . CBBBAAAA  BBD  CAABCA  BC  CBBA  CBE  CFDBA  CCBECBFCA  CCGDDCCBA 

ORT  Aaiiycorypia  oiiongifolia  .  .  CBBAAAAA  CDD  CAABCA  CB  CBBA  CBE  CBDBA  BEBFCEGKA  DDSDDFCBA 

ORT  Recopoda  elongate  .  CBBBAAAA  BDB  CAACCA  CBBA  CBE  CBEBA  BBSFCEFCA  CCSDDCCBA 

ORT  flectia*  aiiifrons  .  CBBAAAAA  CDD  CAABCA  CC  CBCA  CBE  CBDBA  BEBFCEFKA  CDBDDFCBA 

ORT  Saga  serrata . DBDAAAAA  CDD  CAABCA  CB  CBBA  CBE  CBDBA  BE6FCBFKA  DDSDDFCBA 

ORT  flrcieiinaa  vulgare .  CBBAAAAA  CDD  CAABCA  CB  CBBA  CBE  CBEBA  BEBFCEFKA  DDBDDFCBA 

ORT  Sryilotalpa  gryllotalpa  .  .  .  CBCAAAAA  BCD  BAABCA  DC  CBBA  CBE  CBDBA  CE6FCBFKA  DDBDDFCBA 
ORT  Acieta  doaestica.  ......  CBCAAAAA  CDB  CFABBB  CC  CBBA  CIN  CBDBA  3EBFCEFKC  DDBDDFCBA 

ORT  flryllas  pennsyiranicas.  .  .  .  CBCAAAAA  CDB  CFABBB  DC  CBBA  CIN  CBDBA  BE6FBEFKC  DDSDCFCBA 
ORT  liogrvllas  caapestris  ....  CBCAAAAA  CDB  CFABBB  DC  CBBA  CIN  CBDBA  CEBFCEFKC  DDBDDFCBA 

ORT  Uzara  ainor . CBBCAAAA  BDB  CFABBB  DC  CBBA  CIE  CBDBA  BDGFDEFKC  DD6DDFCBA 

ORT  ilyraecop/iila  aceeorua  ....  CBBCAAAA  BAD  CFABBB  CC  CBMA  CIE  CBDBA  BC6FCBFMC  CD6DDCCBA 

ORT  Keyacris  scarra  .  DBDAAAAA  FDB  DAACCA  DB  CBCA  CBK  CBEBA  BEGFCBMMA  CDSDDMBBA 

ORT  Cepialocoeaa  alirechti.  .  .  .  EBDCACAA  CBB  DAACCA  DB  CBCA  CCB  CDEBA  BE6FCBMMA  CCSDDHBBA 

ORT  Tanaoceras  koeielei  .  CBBAAAAA  BDB  CAACCA  DB  BBBA  CBE  CDEBA  BESFCCBBA  CCBDDBBCA 

ORT  3uilacri«  anicoior .  CBDCAAAA  CDD  CAACCA  DB  BBCA  CBE  CDEBA  CDBECBEKA  DDBDDMIBA 

ORT  Zonoceras  eariegatas .  CBDCAAAA  BDD  CAACCA  CB  CBCA  CBC  CDLBA  BDSECBFMA  CCSDDMICA 

ORT  flaaexecha  iranneri . CBDCAAAA  BDB  CAACCA  CB  BBBA  C  CDEBA  CEBECBBBA  CCBCDBBBA 

ORT  Roaalea  aicroptera .  CBBAAAAA  CDD  CAABCA  DC  DBCA  CBC  CBCBA  BESFCBFKA  DDBDDMIBA 

ORT  dareiiia  reaipes .  CBDAAAAA  CDD  CAACCA  DC  CBCA  CBC  CBEBA  BESFCBFKA  DDBDDMIBA 

ORT  Anacrydiaa  aegyptiaa .  CBDAAAAA  CDD  CAABCA  DC  CBBA  CBE  CBCBA  BESFCBFKA  DDCDDAIBA 

ORT  Dissosteir a  Carolina . CBDAAAAA  CDD  CAACCA  DC  DBCA  CBC  CBCBA  BEBFCEFKA  DDBDDMIBA 

ORT  Bippiscas  sp . CBDAAAAA  CDD  CAACCA  C  CBCA  CBC  CBCBA  BESFCBFKA  DDCDDAIBA 

ORT  Locusts  aigratcria.  .  CBBAAAAA  CDD  CAACCA  CC  CBCA  CBE  CDEBA  BESFCBFKA  DDBDDCCBA 


E8CDSFA 

UJ8BGFC 

ESCDEFA 

EUCDDFA 

EUCDDFA 

E8CDDFC 

EECDEFA 

EECDEFC 

EECDEFA 

E8PDEDA 

EEBDEFA 

EJCDBFA 

H&CEDFA 

HICEDFA 

H&CEDFA 

H&CDFFC 

H&CDDFA 

EECDEFA 

EACDEFA 

EECDLFC 

EACDEFC 

EECDEFA 

EECDEFA 

EECDEFA 

EECDEFA 

FDCEDFA 

FDBDEFA 

FDBDEFA 

FDCDEFA 
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126. 

ORT 

127. 

ORT 

128. 

ORT 

129. 

ORT 

130. 

ORT 

131. 

ORT 

132. 

ORT 

133. 

PHA 

134. 

PHA 

135. 

PHA 

136. 

PHA 

137. 

PHA 

138. 

PHA 

139. 

DER 

140. 

DER 

141. 

DER 

142. 

DER 

143. 

DER 

144. 

DER 

145. 

EHB 

146. 

EHB 

147. 

EHB 

148. 

EHB 

149. 

EHB 

150. 

EHB 

151. 

EHB 

152. 

PLE 

153. 

PLE 

154. 

PLE 

155. 

PLE 

156. 

PLE 

157. 

PLE 

15B. 

PLE 

159. 

PLE 

160. 

PLE 

161. 

PLE 

162. 

PLE 

163. 

PLE 

164. 

PLE 

165. 

PLE 

166. 

PLE 

167. 

PLE 

Cr- 

GO 

PLE 

169. 

PLE 

170. 

PLE 

taxon  _ inuthoart  ■orpholoqy  data _ 
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belaaopus  differentials.  .  .  CBBAAAAA  CDD  CAABCA  DC  CBCA  CBC  CBCBA  BESFCBFKA  DOSDBKIBA 

Scbistocera  gregaria .  CBBAAAAA  CDD  CAABCA  DB  CBCA  CBE  CDEBA  BEBFCBFKA  DD6DDB  BA 

Tryxalis  aasata . EBDAAAAA  DD  CAABCA  DC  CBBA  CBC  CDCBA  BEBFCBFKA  DDCDDAICA 

Xenocbeila  zaraadyai . CBBAAAAA  BDB  CAACCA  DB  BBCA  CBN  CBLBA  BCBFCBNLA  CCSDDNCCA 

Tetrix  arenosus  .  CBBAAAAA  CDD  CAABCA  DC  CBBA  CBC  CBEBA  BEBFCBFKA  DDBDDFICA 

Tridactylis  apicaiis .  CBCAAAAA  CDD  CAACCA  DC  CBBA  CBJ  CBEBA  BEBFCBFKA  DDSDDFCCA 

Cylindroryctes  spegazziaii.  .  CBCBAABA  FAA  BAABCA  DB  BBBA  CBE  CBEBA  CC6FCBFKA  CCSDDCCCA 

Ti.eia  sp . CBBCAAAA  DCO  BAABCA  DB  DBCA  CBA  CDCBA  BEGFCCHKA  DD6DDCCCA 

Aiisoaorpba  ferrajinea.  .  .  .  DBCCAAAA  CCD  BAABCA  DB  CBCA  CBH  CDCBA  BEGFCBHKA  DDSDDCCBA 

decrosia  spar  axes . CBCCAAAA  CCD  BAABCA  DB  CBCA  CBA  CDCBA  BEBFCBNKA  DDBDDCCCA 

DiapJiaaoiera  feiorata  ....  DBCCAAAA  CCD  BAABCA  DB  DBCA  CBA  CDCBA  BESFCBLKA  CDGDDCCBA 

Caraesias  lorosas  .  DBCCAAAA  CCD  BAABCA  DB  DBCA  CBE  CDCBA  BE6FCBHKA  DDSDDCCBA 

Pbrygaaistra  vir gea  .  DBCCAAAA  CCD  BAABCA  DB  CBCA  CBA  CDCBA  BESFCBMKA  DDGDDFCBA 

EcAiaosoia  afrai .  CBCCAAAD  CAD  BAABCA  DC  DBKA  CDE  CBEBA  CEGFCBBKA  DDCDBACCA 

Anisolabis  tar  it  it  a . CBCCAAAD  CAD  BAABCA  DC  CBGA  CDC  CBEBA  CEGFCBSKA  DDCDDAJCA 

Labidura  riparia .  CBCCAAAD  CAD  BAABCA  CC  CBGA  CDC  CBDBA  CE6FCBNKA  DOCDDACCA 

Forficula  aaricalaria  ....  CBCCAAAD  CAD  BAABCA  DC  CBBA  CDC  CBEBA  CEGFCBSKA  DDCDDACBA 

Heiiieras  taipoides  .  BBCCAAAA  CAA  BAABCA  D  DBGA  CDD  CBDBA  BEGFCCDKA  DCCDDACCA 

Xrixem'a  esaa . CBCCAAAA  CAA  BAABCA  DC  CBBA  CDC  CBFBA  CEGFCBIKA  DDCDDACCA 

fiiiia  raiburi . CBCCAAAA  CAD  BAABCA  DC  DBBA  CBE  CBDBA  BEGFCBBKA  DDGDDNCCA 

botoligotoia  bardyi  .  CBCBAAAA  CAD  BAACCA  DB  BBBG  CBC  CFDBA  BCGFCBBKA  CCSDDNCCA 

Eibolyotha  batesi  .  CBCCAAAA  CAD  BAABCA  DC  DBBA  CBE  CDDBA  BESFCCBCA  DDGDDNCCA 

Aniseibia  sp . CBCCAAAA  CAD  BAABCA  OB  BB6A  CBC  CBDBA  CCGFCBBKA  DCGDDNCCA 

Aastraleibia  incoipta  ....  CBCBAAAA  CAD  BAABCA  BB  BBBA  CBE  CFDBA  DCGFCBBHA  DDCDDACCA 

Oligotoaa  bospes . CBCCAAAA  CAD  BAABCA  DC  DBGA  CBE  CBDBA  BEGFCBBKA  DD6DDHICA 

Terateih'a  genicalata  ....  CBBBAAAA  CAD  BAABCA  DB  BBBA  CBE  CBDBA  CEGFDCBKA  CCSDDNCCA 

deioara  rarigat . CBCAAAAA  BDD  BAABAA  DB  DBBA  CBC  CBDAA  BEGFCBPKA  DD6D0FIDA 

tfeaoara  venosa* . CBCAAAAA  BDD  BAACCA  DB  CB6A  CBC  CBLBA  CESFCCPKA  DDSDOBJDA 

dotoaeaoara  latipeaais*  .  .  .  CBBCAAAA  BDD  BAABCA  CB  BBBA  CBC  CBEBA  CEGFCBPNA  DCSDDCCCA 

Capaia  aecydaloides  .  CBCAAAAA  BDD  BAABAA  DB  DBBA  CBC  CDBAA  BEGFCBPNA  DDGDOBBDA 

Capaia  venalis* . CBCAAAAA  BDD  BAABCA  DB  DBGA  CBC  CBDBA  CEGFCCPKA  DDSDOBCDA 

Leactra  tlapaleh* . CBCAAAAA  BDD  BAACCA  DB  DBBA  CBC  CBLBA  BEGFCBPKA  DD6D0BJCA 

Uactra  sp . CBCAAAAA  BDD  BAACAA  DB  DBGA  CBC  CBLBA  CESFCBPKA  DDSDOBCDA 

Taeoiopieryx  frigidas*.  .  .  .  CBCAAAAA  BDD  BAABCA  CB  CBGA  CBC  CBEBA  CDBFCCPKA  DDGDOBFCA 

Taeniopteryx  trigidas  ....  CBCAAAAA  BDD  BAACCA  CB  DBGA  CBC  CBDBA  CEGFCCPKA  DDGDOBBCA 

Acroaearia  ainoriis  .  CBCAAAAA  BDD  BAABAA  DB  DBGA  CBC  CNBAA  CEBFCBFKA  DDGDDDCBA 

Acroaearia  pacifica* .  CBCAAAAA  BDD  BAABCA  DB  DCSA  CBC  CFDBA  CESFBBGKA  DDGDDDCBA 

Perla  cepbalotes*  .  CBCAAAAA  CDD  BAABCA  DB  DCBA  CBC  CFLBA  BEGFCBPKA  ECGDDOJBA 

Perla  aaxiia . CBCAAAAA  BDD  BAACAA  D  DBBA  CBC  CHBAA  BEGFBBPBA  ECSDDFCBA 

Perlesta  placidat  .  CBCAAAAA  BDD  BAACCA  D  DBGA  CBC  CFLBA  CEGFBBPFA  ECGDDFCBA 

Perlesta  placida . CBCAAAAA  BDD  BAABAA  D  DBBA  CBC  CNBAA  BE6FCBPRA  DCGDDFCCA 

Periodes  tibialis* .  CBCAAAAA  BDD  BAABCA  D  DBGA  CBC  CFLBA  CEBFBB6KA  DCSDDBCBA 

moperla  linata* . CBCAAAAA  BDD  BAABCA  D  DBGA  CBC  CFLBA  CEGFCCPKA  DC6DDNJCA 

Alloperla  linata .  CBCAAAAA  BDD  BAABAA  D  DBBA  CBC  CNBAA  BEGFCBPRA  DDGDDFCCA 

Chloroperia  cy dippe* .  CBCAAAAA  BDD  BAABCA  D  DBGA  CBC  CFLBA  CEGFCCPKA  DCGDDNCCA 


dietary 

data 

FDBDEFA 

EECDEFA 

EEBDEFA 

EAADEFA 

EACDEFA 

EJCDCFA 

EJCDGFA 

EECDEFB 

EEBDEFA 

EECDEFB 

EEBDEFA 

EECDEFA 

EECDEFA 

EBCDDFA 

EBCDDFA 

ESCDDFA 

EACDEFA 

DTABFFA 

GTABFFA 

EVCDEFA 

EUCEGFC 

EACDDFA 

EUCESFB 

EVCEDFC 

EJBDDFA 

EVCDGFC 

BZEAEFA 

EVCDBBA 

EACCBBA 

SZEAEFA 

EECDBBA 

EECDBBA 

SZEAEFA 

EECDBBA 

EFDDEFA 

SZEAEFA 

E6DDBBA 

EBCDBBA 

BZEAEFA 

EBCDBBA 

BZEAEFA 

EBCDBBA 

EBCDBBA 

BZEAEFA 

EBCDBBA 
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171.  PLE  Chloroperl a  graiaatica.  .  .  .  CBCAAAAA  BDD 

172.  PLE  Isopteryx  tripwictata  ....  CBCAAAAA  BDD 

173.  PLE  Peltoperla*  sp . BBCAAAAA  BDD 

174.  PLE  Ptermarcys  californica*.  .  .  CBCAAAAA  BDD 

175.  PLE  Pteroaarcys  regal  is . CBCAAAAA  BDD 

176.  PLE  Diaiphipaoa  aoouiata*  ....  CBBCAAAA  BDD 

177.  PLE  Heuroperla  scbediagi . CBBBAAAA  BDD 

17B.  PLE  Austroperla*  sp . CBCAAAAA  BDD 

179.  PLE  Austroperla  sp.  ......  CBCAAAAA  BDD 

180.  PLE  Perlurgoperla  personate*.  .  .  BBCAAAAA  BDD 

181.  ZQft  Zorotypus  bubbardi . CBCAAAAA  ODD 

182.  PSO  Lepinotus  sp . CBBAAAAA  COD 

183.  PSO  Psyllipsocas  raaburii  ....  CBBAAAAA  6DD 

184.  PSO  Speletetor  ilocki . CBBAAAAA  CDD 

185.  PSO  Priotoglaris  latreillei  .  .  .  CBBAAAAA  CDD 

186.  PSO  fiiidopsocus  sp . CBBAAAAA  CAD 

187.  PSO  Stigiatopatbus  sp . CBDAAAAA  CDD 

188.  PSO  Caecilius  aaritiius . CBBAAAAA  CDD 

189.  PSO  Sie»opsociis  stipiaticus  .  .  .  CBBAAAAA  CDB 

190.  PSO  Miaopsocas  arduus . CBBAAAAA  CDD 

191.  PSO  Fctopsocus  califonicas  .  .  .  CBBAAAAA  CDD 

192.  PSO  Aip/iiperoatia  coataiiaata  .  .  CBBAAAAA  CDD 

193.  PSO  Psocas  coniraterms . CBBAAAAA  CDB 

194.  AND  flaeiatopiaus  sais . DCABAAAA  CAA 

195.  ANO  Heo/iasaatopinas  citellitus.  .  CAABAAAA  CAA 

196.  ANO  liaogoatfias  vitali . DBABAAAA  CAA 

197.  ANO  Pediculus  Aaaaaas . CBABAAAA  CAD 

198.  ANO  Pbtbirus  p oil's . CBABAAAA  CAA 

199.  HAL  Aacistroaa  vagelli . BABCAAAA  HAA 

200.  HAL  Coipocepfiaim  subaeguale.  .  .  CABCAAAA  HAA 

201.  HAL  Pyrside a  cornicis  . . CABBAAAA  HAA 

202.  HAL  Pseudoaenopoa  pilosu a  ....  CABBAAAA  HAA 

203.  HAL  Tetrophthalms  sp . CABBAAAA  DAD 

204.  HAL  taeiobctfirion  gypsis . CABBAAAA  HAA 

205.  HAL  Trocbiloecetes  sp . CABBAPAA  HAA 

206.  HAL  Heterodoxus  spiaiger . CABBAAAA  HAA 

207.  HAL  Triienopojon  jeaainjji.  .  .  .  CACBAAAA  HAA 

208.  HAL  Syropas  ova lis . CACBAAAA  HAA 

209.  HAL  Bovicoia  caprae . CABBAAAA  CAA 

210.  HAL  Tricbodectes  can's . CABBAAAA  CAA 

211.  HAL  Goaiodts  lapopi . CABBAAAA  CAA 

212.  HAL  Philopterns  atratus . CABBAAAA  CAA 

213.  HAL  CaciotocepAalas  extraseas  .  .  CABBAAAA  CAD 

214.  HAL  flaeiatoiyxas  elepliaatis  .  .  .  DCBBAAAA  FAA 
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III 

IV 

V 

VI 

VII 

VIII 

IX 

BAABAA 

OE 

OBBA 

CBC 

CHLAA 

BESFCEPRA 

DDBDDHCBA 

QZEAEFA 

BAABAA 

D 

DBBA 

CBC 

DHLAA 

BESFCBJKA 

DC6DDFCCA 

BXEAEFA 

BAACCA 

DB 

DBSA 

CBC 

CBEBA 

CDBFCBIKA 

DD6DDHJCA 

EECDBBA 

BAACCA 

DB 

DBBA 

CBC 

CBLBA 

BEBFCBPKA 

DDBDDBCCA 

EVCDBBA 

BAABAA 

CE 

DBEA 

CBC 

CDBAA 

BEBFCBPNA 

DD60D8BBA 

QtEAEFA 

BAACCA 

DB 

BB6A 

CBE 

CBLBA 

BDGECCIKA 

CCBDDHJCA 

EVCDBCA 

BAACCA 

DB 

BBBA 

CBE 

CBEBA 

CDSECBIKA 

CC6DFBBBA 

EACDEFA 

CAABCA 

EB 

DBBA 

CBC 

CBEBA 

CDSFCBBKA 

DDBDDBCCA 

EACDBBA 

CAABCA 

DE 

DBBA 

CBC 

CBEBA 

CDBFCBBKA 

0D6DDBCCA 

EACDBFA 

CAACCA 

EB 

BBBA 

CBC 

CBDBA 

CCSFCCPRA 

CCBDDCCCA 

EPCDBCC 

CAASFA 

DB 

CBBA 

CBC 

CDEBA 

BD6FDBPNA 

CCSDCHCCA 

EUCEDFA 

CAABBA 

CC 

DBBA 

CLJ 

CDEBA 

BBSEDB6SA 

DCBCJKBDA 

6&CDDFA 

CAABBA 

CC 

DBBA 

CLJ 

CBEBA 

CCSECBFSA 

CCBCCKCCA 

6UCDDFB 

CAABBA 

CC 

DBBA 

CLJ 

CBEBA 

CBSECEBSA 

DCSCCKCDA 

BACDDFA 

CAABBA 

CC 

BBBA 

CLJ 

COIBA 

CCJECBFAA 

CCCCDKCCA 

GPCDDFB 

CAABBA 

CC 

DBBA 

CLJ 

CBEBA 

CB6EC  BSA 

DCBCCKC  A 

6LCDEFA 

CAABBA 

CC 

DBBA 

CLJ 

CBEBA 

CBSEC  BSA 

DCBCCKC  A 

GLCDOFA 

CAABBA 

CC 

CBBA 

CLJ 

CBEBA 

CCBECBSSA 

CCSBJKCCA 

6UCDDFC 

CAABBA 

CC 

OBBA 

CLJ 

CBEBA 

BBSECESSA 

DC6BJKC  A 

B4CDEFA 

CAABBA 

CC 

BBBA 

CLJ 

CBEBA 

BBBECBBSA 

DCSCCKCDA 

6VCDDFB 

CAABBA 

CC 

DBBA 

CLJ 

CBEBA 

BBSECE6SA 

DCSBJKCDA 

SLCDDFA 

CAABBA 

CC 

DBBA 

CLJ 

CBEBA 

BB6ECEB5A 

DCSBJBJDA 

BLCDEFA 

CAABBA 

CC 

DBBA 

CLJ 

CBDBA 

BBBECBBSA 

DCSBJBJDA 

GLCDEFA 

FCCBFB 

BB 

DBKI 

A6E 

ANBAE 

BBBAAAKAA 

BDBAADAAB 

BRABFFA 

FCCBFB 

CB 

DBBI 

ABE 

ANBAE 

CBBAAAKAA 

BDBAADAAB 

BRABFFA 

FCCBFB 

CB 

CBN  I 

ABE 

ANBAE 

BBBAAAKAA 

BDBAADAAB 

BRABFFA 

FCCBFB 

CB 

CSKI 

ABE 

ANBAE 

CBBAAAKAA 

BDBAADAAB 

BRABFFA 

FCCBFB 

CB 

BBKI 

A6E 

ANBAE 

CBBAAAKAA 

BDBAADAAB 

BTABFFA 

BAACBA 

DB 

DBBA 

CLE 

CBNBA 

CB6EEDSSA 

DDCBJACDA 

TTADFFA 

BAACEA 

03 

DBSA 

CLE 

CBHBA 

BB6EECSSA 

DDCBJABDA 

TTADFFA 

BAACBA 

DB 

DBSA 

CLE 

CBHBA 

BB6EECSSA 

DDSBJHBDA 

TTADFFA 

BAACBA 

DB 

DBSA 

CLE 

CBHBA 

CBBEECSSA 

DDBBJHBDA 

TTADFFA 

CAACBA 

DB 

BBBA 

CLC 

CBDBA 

CBKECCSSA 

CB8BJHF0A 

TTAEFFA 

BAACBA 

DB 

DB6A 

CLE 

CBHBA 

CBBEECSSA 

DDCBJABDA 

TTADFFA 

BBDCBB 

DB 

DBEA 

CBJ 

CFDBD 

SBSEECSSA 

DDDAAJHAA 

BRABFFA 

BAACBA 

03 

D8SA 

CLE 

CBHBA 

BBBEECSSA 

DDCBJABDA 

TTADFFA 

BAACBA 

DB 

CBBA 

CLE 

CBHBA 

BB6EECSSA 

DDSBJHBDA 

TTADFFA 

BAACBA 

DB 

DBBA 

CLE 

CBHBA 

BBBEECSSA 

DDBCJHBDA 

TTADFFA 

CAACBA 

DB 

DBSA 

CLE 

CBNBA 

BBEAAASSA 

DDFBJJHOA 

TTADFFA 

CAACBA 

DB 

CBKA 

CLJ 

CDDSA 

BBEAAASSA 

DDF8JJHDA 

TTADFFA 

CAACBA 

DB 

DBBA 

CLJ 

CBHBA 

CBEAAASSA 

DDFBJJHDA 

TTADFFA 

CAACBA 

CB 

CBBA 

CLJ 

CBNBA 

CBEAAAFSA 

DDCBJABDA 

TTADFFA 

CAABBA 

DB 

CBBA 

CLE 

CDDBA 

BB6BJDSSA 

BC6CJKFCA 

TTAEFFB 

BBBSBB 

D 

DBCD 

ABE 

CLICO 

CCDAAABDD 

CBAAAAAAH 

TRABFFA 
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Entry 

»o. 

Taxon  Corresponding  to  Entry  timber 

Fossil 

Iisect 

Locality 

53. 

Eucorethrina  fiexa  Kalugina 

[653 

54. 

Chironoiaptera  robustus  Lin 

[643 

55. 

Chironoiaptera  scobloi  Kalugina 

[623 

56. 

Chironoiaptera  c olhssi  Jell  4  Duncan 

[533 

57. 

Chaoborus  tertiarius  (Von  Heydenl 

[223 

58. 

hochlonyx  atavus  Loevi 

[193 

59. 

Chaoboriis  sp. 

[133 

60. 

Chaoborus  tertiarius  (Von  Heydenl 

[73 

61. 

Chaoboridae 

[63 

62. 

Culicidae 

[573 

63. 

Culicidae 

[233 

64. 

Culex  pipiens  Linneaus 

[193 

65. 

Cuhx  protohpis  Cockerell 

[183 

66. 

Culicidae 

[173 

67. 

Culicidae;  Cuiicites  diptnti  Neunier 

[15,133 

68. 

Culicidae 

[103 

69. 

.4no pbilts  rottensis  Statz 

[83 

70. 

Dixidae 

[533 

71. 

Paradixa  succinea  Heunier 

[193 

72. 

Dixidae 

[63 

73. 

Bibionidae 

[763 

74. 

Xylophagidae 

[423 

75. 

Stratiosyiidae 

[563 

76. 

Archccyrtus  gibbosus  Ussatchov 

[603 

77. 

Archioeiestrinus  taratavicus  Rohdendorf 

[603 

78. 

Tabanidae 

[243 

79. 

Tabanidae 

[233 

'SO. 

‘Silvias"  laticorois  Loea 

[193 

81. 

Tabanidae 

C173 

82. 

Tabanidae 

[153 

83. 

ZAthericidae 

[243 

84. 

Protobr achyceron  liasinui  Handlirsch;  Jja 

[68,673 

85. 

probleiatica  Kovalev 

Palaeobrachyceron  handlirschi  Kovalev 

[663 

86. 

Kubikov ia  accessoria  Kovalev 

[653 

87. 

Paiaeoptiolina  scobloi  Kovalev  ’> 

[623 

88. 

Rhagioeipis  antennata  Rohdendorf 

[603 

89. 

ftff.  Ptioli na 

[573 

90. 

4theriiorpha  iistuca  Jell  4  Duncan 

[533 

91. 

Rhagionidae 

[371 

92. 

Protoveriileo  electricus  Hennig 

[193 

93. 

Syiphoroiyia  subtrita  Cockerell 

[153 

94. 

Rhagio  priaaevis  ThAobald 

[133 

95. 

Rhagionidae 

[63 

96. 

Boabyliidae:  iaeopiatypygus  zaitzevi  Kovalev 

[653 

97. 

Eapididae:  Protitpis  antennata  Ussatchov 

[603 

Refereices 

Kalugina  4  Kovalev  1985 
Hong  1983 

Kalugina  4  Kovalev  1985 
Jell  4  Duncan  1986 
Cook  1981 

Lae*  1861;  Larsson  1978 
Cook  1981 
Statz  1944b 
Schuaann  4  Wendt  1989 
Jarzeabowski  1984 
Wilson  1978a;  Grande  1980 
Keilbach  1982 
Cockerell  1916b 
Schlee  4  Glockner  1978 
Hi Ison  1978a;  Lutz  1985 
Cuffey  et  al.  1982 
Statz  1944b 
Jell  4  Duncan  1986 
Meunier  1906b;  Hennig  1966 
Schuaann  4  Wendt  1989 
Olsen  it  al.  1978 
Daitriev  4  Zherikin  1988 
Whalley  4  Jarzeaboaski  1985 
Ussatchov  1968 
Rohdendorf  1968b 
Lutz  1987 

Wilson  1978a;  Grande  1980 
Lae«  1850;  Hennig  1967a 
Schlee  4  Glockner  1978 
Pechuaan  4  Teskey  1981 
Lutz  1987 

Handlirsch  1908;  Kovalev  1981 

Kovalev  1981 
Kalugina  4  Kovalev  1985 
Kovalev  1982 

Rohdendorf  1938;  Kovalev  1982 
JarzeaboHski  1984 
Jell  4  Duncan  1986 
Zherikin  4  Sukacheva  1973 
Hennig  1967a 
Cockerell  1911 
Theobald  1937 
Schuaann  4  Wendt  1989 
Kalugina --4  Kovalev  1985 
Ussatchov  1968 
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263. 

HET 

264. 

HET 

265. 

HET 

266. 

HET 

267. 

HET 

268. 

HET 

269. 

HET 

270. 

HET 

271. 

HET 

272. 

HET 

273. 

HET 

274. 

HET 

275. 

HET 

276. 

HET 

277. 

HET 

27B. 

HET 

279. 

HET 

2B0. 

HET 

281. 

HET 

282. 

HET 

283. 

HET 

284. 

HET 

285. 

HET 

286. 

HET 

287. 

HET 

288. 

HET 

289. 

HET 

290. 

HET 

291. 

HET 

292. 

HET 

293. 

HET 

294. 

HOH 

295. 

HOH 

296. 

HOH 

297. 

HOH 

29B. 

HOH 

299. 

HOH 

300. 

HOH 

301. 

HOH 

302. 

HOH 

303. 

HOH 

304. 

HOH 

305. 

HOH 

306. 

HON 

307. 

HOH 

308. 

HOH 

309. 

HOH 

310. 

HOH 

taxon  _ aouthpart  lorohology  data _  dietary 

I  II  III  IV  V  VI  VII  VIII  IX  data 

Loricula  elegantaia  .  COBBBAAA  CAB  ECEBBB  BC  BHB  ANH  DIQDG  FBCAAAAE8  BEAAAAAAC  ABBBDFA 

dedocostes  lestoni .  CDCBBBAA  CCB  ECEBBA  CC  CBHB  ANH  01 106  FBCAAAAE6  BEAAAAAAC  A8CBEFB 

da  bis  sabcoleoptratus  ....  CCCBCAAB  CCB  ECEBBB  CB  EBHB  ANH  DI0D6  FBCAAAAE6  BEAAAAAAC  ASCBEFA 

Plotiopbiloides  biioris  .  .  .  CDCBBAAA  CCB  ECEBBB  CB  CBEB  ANH  0II06  FBCAAAAE6  CEAAAAAAC  AHCBFFC 

Tripbleps  insidiosa  .  CCBBBAAA  CCB  ECEBBB  BC  CBHB  ANH  DI0D6  FBCAAAAE6  BEAAAAAAC  BEABEFA 

Ciiex  lenticalaris .  CDBBCAAC  CAD  ECEBBB  CC  CBHB  ANH  DUDS  FACAAAAE6  BEAAAAAAC  ARABFFA 

Sesperoctenes  cartas . CCBBAAA6  NAA  CCEBBB  CB  BBBA  ANH  DIBD6  AACAAAAE6  BFAAAAAAC  BTABFFB 

Redavias  personates  .  DCCCCAAA  CCB  ECEBBB  BC  EBHB  ANH  El 106  FBCAAAAE6  BEAAAAAAC  ASCBEFA 

Aliodnias  prolixas . ODCBCAAA  CCB  ECEBBB  BC  BBHB  ANH  DUDS  FBCAAAAE6  BEAAAAAAC  ARBBFFA 

Triatoia  infestans .  DCCBBAAA  CCB  ECEBBB  BC  BBHB  ANH  0II06  FBCAAAAE6  BEAAAAAAC  ARBBFFA 

dr  adds  sp . COBBBAAA  CAD  ECEBBB  CC  CBHB  ANH  DI0D6  FBCAAAAE6  BEAAAAAAC  ANCBDFA 

Ternititaradas  panaiensis  .  .  CCABAAAA  CAA  ECEBFB  BB  AAAA  ANH  EIB06  AACAAAAEG  BEAAAAAAC  ANCBFFA 

Idiostolas  insular  is . COCBBAAA  CCB  ECEBBB  BC  CBHB  ANH  DIIDG  FBCAAAAE6  BEAAAAAAC  AIABEFC 

fiesta  cinera  .  CCCCBAAA  HCD  ECEBBB  BC  BBHB  ANH  OIODG  FBCAAAAE6  CEAAAAAAC  AEABEFA 

Jalysus  spinosas .  OCBBBAAA  HCS  ECEBBB  BC  EBHB  ANH  0IQD6  FBCAAAAEG  BEAAAAAAC  AEBBEFA 

Reides  auticus .  ODBBBAAA  HCB  ECEBBB  BC  EBHB  ANH  OIODG  FBCAAAAEG  BEAAAAAAC  AEBBEFA 

flncopeltas  iasciatus .  COBBBAAA  CCD  ECEBBB  BC  EBHB  ANH  OIODG  FBCAAAAE6  BEAAAAAAC  BCABEFA 

Oysdercus  cingulatus .  COBBBAAA  CAD  ECEBBB  BC  EBHB  ANH  01106  FBCAAAAE6  BEAAAAAAC  BEABEFA 

Fyrrocoris  apteras .  COBBBAAA  CAD  ECEBBB  BC  EBHB  ANH  01106  FBCAAAAEG  BEAAAAAAC  BfcABEFA 

Hyocephalus  apragnus .  COBBBAAA  6CD  ECEBFB  OB  CBEB  ANH  DII06  FBCAAAAEG  BEAAAAAAC  ACCBEFB 

Anasa  tristis  .  COBBBAAA  CCD  ECEBBB  BB  EBHB  ANH  DI0D6  FBCAAAAE6  BEAAAAAAC  AEBBEFA 

Leptocorisa  aaricornis.  .  .  .  CDCBBAAA  CCD  ECEBBB  CB  EBHB  ANH  DIBD6  FBCAAAAE6  BEAAAAAAC  ACBBEFA 

Alydas  sp . COBBBAAA  CCO  ECEBBB  BC  EBHB  ANH  DI0D6  FBCAAAAE6  BEAAAAAAC  AEDBEFA 

Coptosoaoides  ayraecophilus  .  CCCBCAAA  CCD  ECEBBB  BC  DBEB  ANH  DIIDG  FBCAAAAEG  BEAAAAAAC  ANCBEFA 

Cyrtonenas  airabilis .  COBBBAAA  CCD  ECEBBB  BC  EBHB  ANH  01006  FBCAAAAE6  BEAAAAAAC  AEDBDFA 

Canopus  sp . CCBBBAAA  CCO  ECEBBB  BB  CBEB  ANH  0IBD6  FBCAAAAE6  BEAAAAAAC  AA  BEFA 

StetAaaiax  aaraoratus  ....  COBBBAAA  CCB  ECEBBB  BC  EBHB  ANH  OIODG  FBCAAAAEG  BEAAAAAAC  AEBBOFA 

Tessaratoia  papillosa  ....  CCBCBAAA  CCD  ECEBBB  BC  EBHB  ANH  01006  FBCAAAAEG  BEAAAAAAC  AEABEFA 

Coridius  janus .  COCBBAAA  CCB  ECEBBB  CC  EBHB  ANH  01106  FBCAAAAEG  BEAAAAAAC  AEBBEFA 

Grapfiosoaa  lineatai  .  CDCBBAAA  CCB  ECEBBB  CC  EBHB  ANH  DIIDG  FBCAAAAEG  BEAAAAAAC  AEEBEFA 

Faloaena  prasina .  COBCBAAA  CCE  ECEBBB  BC  EBHB  ANH  OIODG  FBCAAAAEG  BEAAAAAAC  AEEBEFA 

ffeniodoecus  lea i . CDBCCAAA  6CD  DCEBBB  CC  DBHB  ANE  EIIDG  FBCAAAAEG  CEAAAAAAC  AVCBDFA 

Cixius  pin f  .  CCB AB AAA  BOD  OCEBBA  CC  BBHB  ANE  OIBOG  FBCAAAAEG  EAAAAAAC  AECBEFA 

Oiiaras  vicar  ins . ECBABAAA  BCB  OCEBBA  BC  BBHB  ANE  OIBOG  FBCAAAAEG  EAAAAAAC  AECBEFA 

fbalix  titan . BCCABAAA  LCD  DCEBBB  CC  CBHB  ANE  OIBOG  FBCAAAAEG  BEAAAAAAC  AI  BEFB 

Fentagranna  vittatiirons.  .  .  CCCABAAA  BCB  OCEBBA  CC  CBHB  ANE  DIBD6  FBCAAAAEG  BEAAAAAAC  AECBEFA 

Eurybrachys  sp . CCBABAAA  LCD  DCEBBB  DC  CBEB  ANE  OIBOG  FBCAAAAEG  BEAAAAAAC  AICBEFC 

Cyropotas  reinec ki .  CBCABAAA  BCB  OCEBBA  CC  CBHB  ANE  DIBD6  FBCAAAAE6  EAAAAAAC  AECBEFA 

delicbaria  gaadrata  .  EDDACAAA  LCD  DCEBBB  CC  DBHB  ANE  DIBD6  FBCAAAAEG  CEAAAAAAC  AA  BEFA 

Catonia  naea . CCBABAAA  BCB  OCEBBA  CC  BBHB  ANE  DIBD6  FBCAAAAE6  EAAAAAAC  AECBEFA 

telitropis  rotatula  .  CCCABAAA  BCB  OCEBBA  CC  BBHB  ANE  OIBOG  FBCAAAAEG  EAAAAAAC  AECBEFA 

Bruc/ioiorp/ia  sp . CBBABAAA  BCB  OCEBBA  CC  CBHB  ANE  DIB06  FBCAAAAEG  EAAAAAAC  AECBEFA 

Pyrilla  perpasfila .  DCCABCAA  BCD  DCEBBB  BC  EBHB  ANE  OIBOG  FBCAAAAE6  BEAAAAAAC  AAEBEFA 

Acanaionia  latiirons .  CCCABAAA  BCB  OCEBBA  CC  BBHB  ANE  DIB06  FBCAAAAEG  EAAAAAAC  AECBEFA 

Cyarda  aelichari .  CCBABAAA  BCB  OCEBBA  C  BBHB  ANE  OIBOG  FBCAAAAEG  BEAAAAAAC  AECBEFA 

Plata  sp . CCBABAAA  BCB  OCEBBA  CC  BBHB  ANE  OIBOG  FBCAAAAEG  BEAAAAAAC  AECBEFA 

Aaaloptera  a hleri  .  ECBABAAA  BCB  OCEBBA  CC  BBHB  ANE  OIBOG  FBCAAAAEG  EAAAAAAC  AECBEFA 

Otiocerus  degeeri  .  ECCABAAA  BCC  OCEBBA  BC  BBHB  ANE  OIBOG  FBCAAAAEG  EAAAAAAC  AECBEFA 
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311. 

HQH 

312. 

HON 

313. 

HQH 

314. 

HOH 

315. 

HQH 

316. 

HQH 

317. 

HOH 

318. 

HQH 

319. 

HOH 

320. 

HOH 

321. 

HQH 

322. 

HQH 

323. 

HOH 

324. 

HOH 

325. 

HOH 

326. 

HOH 

327. 

HOH 

328. 

HOH 

329. 

HOH 

330. 

HOH 

331. 

HOH 

332. 

HOH 

333. 

HQH 

334. 

HOH 

335. 

HQH 

336. 

HOH 

337. 

HOH 

33B. 

HOH 

339. 

HOH 

340. 

HOH 

341. 

HOH 

342. 

HOH 

343. 

HOH 

344. 

HOH 

345. 

HOH 

346. 

HOH 

347. 

HQH 

348. 

HOH 

349. 

HOH 

350. 

HOH 

351. 

HOH 

352. 

HOH 

353. 

HOH 

354. 

HQH 

355. 

HOH 

356. 

HEG 

357. 

HEB 

358. 

HEB 

taxon  _ ■nuthpart  lorpholoqy  data _ 

I  II  III  IV  V  VI  VII  VIII  IX 


Bictyophara  floreas  .... 

Scolops  puageas  . 

Bladiaa  syaavei  . 

NypocAthoaeila  caeca.  .  .  . 
Cephiscus  siccifolius  .  .  . 
lepyroaia  qaadraaguiarz's.  . 
dagicz'cada  septeade cea.  .  . 

Aulacizes  irrarata . 

Iditcerns  atkinsoni  .... 

TypfilocyDa  iiiii . 

ilolfella  cateraaaltz.  .  .  . 

Eatylz'a  szauata  . 

Euryielozdes  paiclira,  .  .  . 
Stictocepbala  iuialis  .  .  . 
Vorthula  hardnickii  .... 
delizoderes  darxz'az  .... 

Psyila  tali  . 

Trialeurodes  raporarz'oriui. 

Apftis  fatae  . 

Eriosoia  lanz'gera  . 

dyzas  persz'cae . 

Caapholoides  strobilobius*. 
Phylloxera  vitiioliae*.  .  . 

Orthezia  urticae . 

Icerya  purchasi  . 

dargarodes  ritiu i  ..... 
datsuococcas  bisetosas.  .  . 
Pieaacoleacliz'a  zealaadica  . 
Stz'ctococcus  laitispiaosns* 
Pseadocaccas  adoaidai*.  .  . 

Coccus  Besperidzui . 

Ealecaazaa  tilz'ae . 

Physokertes  pice ae.  .  .  .  . 
Bactylopius  aastriaas*.  .  . 

Xeries  gaercus . 

Acaathococcas  graauiatus.  .  . 
ApioiorpAa  pharetraia  .  .  .  . 

Laccifer  laccat  . 

Beesaaia  dipterocarpi*.  .  .  . 
lecaaiodiaspus  eiytrapappi.  . 
Asterolecaniua  uagulatua.  .  . 

Coacftaspis  vayssieri . 

P altar icococois  a esiotes.  .  . 
Parlatoria  blaachardi*.  .  .  . 
Quadraspidotss  peraiciosas.  . 

Cfiauiiodes  foraosaaus  .  .  .  . 
Chauliodes  forms  anus*.  .  .  . 
Corydalas  corautus . 


ECBABAAA  LCB  DCEBBA  CC  BBHB 
ECCABAAA  LCB  DCEBBA  BC  BBHB 
CCCACCAC  LCD  DCEBBB  CC  EBHB 
DDCACAAC  LAA  DCEBBB  BB  DBHB 
CCBABAAA  BCB  DCEBBA  BC  BBHB 
CCBABAAA  BCB  DCEBBA  BC  BBHB 
CDBABAAA  BDB  DCEBBA  BC  BBHB 
CCBABAAA  BCB  DCEBBA  CC  BBHB 
CCBABAAA  BCB  DCEBBA  BC  BBHB 
CCBABAAA  BAB  DCEBBA  BC  CBHB 
EDCACAAA  CCB  DCEBBB  BC  DBHB 
CDBABAAA  BCB  DCEBBB  CB  DBEB 
CBBABAAA  BCB  DCEBBA  CC  CBHB 
BCDABAAA  BCB  DCEBBA  CC  BBHB 
CD3ACAAA  CCD  DCEBBB  CC  DBHB 
CDDACAAA  CCB  DCEBBB  BC  DBHB 
BBBACBAA  CDB  ECEBBA  BC  CBHB 
CCCABAAA  BCE  ECEBBA  BC  CBHB 
BCBABAAA  CDB  ECEBBA  BC  CBHB 
CCBABAAA  CDB  ECEBBA  CC  CBHB 
CCBABAAA  CDD.ECEABB  CC  BBHB 
CCCABDAF  CEA  DCEBBA  CC  DBHB 
CDAAADAE  FEA  DCEBBB  CC  AAAA 
CABCAABA  CCB  ABABAA  CB  AAAA 
BACAAABA  CCB  ABABAA  AAAA 
CAAAAABA  CCB  ABABAA  CB  AAAA 
CAAAAABA  CCB  ABABAA  CB  AAAA 
CCBAAABA  CCE  ABABAA  BB  AAAA 
CBAAADAF  CCA  DCEBBA  BC  AAAA 
CBBABDAF  CAD  DCEBBA  CC  CBBA 
CABAAABA  CCE  ABABAA  AAAA 
CABAAABA  CCE  A6ABAA  CB  AAAA 
CABAAABA  CCE  ABABAA  CB  AAAA 
CBAAADAF  OAA  DCEBBA  CB  BBHB 
CAACAABA  DCE  ABABAA  AAAA 
CACAAABA  CCE  A6ABAA  DB  AAAA 
CACAAABA  CCE  ABABAA  CC  AAAA 
CBBABAAA  CAD  DCEBBA  CB  CBBA 
CBAAADAF  NAA  DCECBA  CB  BBHB 
CABAAABA  CAE  ABABAA  CB  AAAA 
CABAAABA  CAE  ABABAA  CB  AAAA 
CCAAADAF  FCA  DCEBBA  CB  BBHB 
CCAAADAF  NAA  DCEBBA  CB  BBHA 
CBCABDAF  CDE  DCEBCA  CB  B  A 
CACAAABA  CCE  ABABAA  AAAA 

CBCCAAAA  EOD  BAABCA  DB  DBEA 
CBECABAA  OEA  BAABCA  DC  DBBA 
CBCBAAAA  CDD  BAABCA  DB  CBEA 


ANE  DIBDB  FBCAAAAE6  EAAAAAAC 
ANE  DIBDB  FBCAAAAEB  BEAAAAAAC 
ANE  DIBD6  FBCAAAAEB  BEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  BEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  BEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  BEAAAAAAC 
ANE  DIBD6  FBCAAAAEG  BEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  CEAAAAAAC 
ANE  DIID6  FBDAAABE6  BEAAAAAAC 
ANE  0IID6  FBCAAAAEB  CEAAAAAAC 
ANE  DIID6  FBCAAAAEB  BEAAAAAAC 
ANL  DIICB  FBCAAAAEG  EEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  CEAAAAAAC 
ANE  DIBDB  FBCAAAAE6  BEAAAAAAC 
ANE  El IDS  FBCAAAAE6  CEAAAAAAC 
ANE  DUDS  FBCAAAAA6  CEAAAAAAC 
ANE  DIBD6  FDCAAAAE6  DEAAAAAAC 
ANE  DIBD6  FBCAAAAEB  BEAAAAAAC 
ANE  DUDS  FBCAAAAEG  BEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  BEAAAAAAC 
ANH  DIIDS  FBCAAAAE6  BEAAAAAAC 
AAA  El BDB  CBCAAAAEA  CEAAAAAAC 
AAA  EIBD6  AACAAAAEG  BEAAAAAAC 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
BAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
AAA  D1ID6  FBCAAAAAG  CEAAAAAAC 
ANE  DIBDB  FBCAAAAEB  CCAAAAAAC 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
ANE  EIBD6  FBCAAAAEB  BEAAAAAAC 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
ANE  DIBDB  FBCAAAAEG  DCAAAAAAC 
AAA  EIBD6  FBCAAAAEG  CEEAAAAAC 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 
AAA  EIBDG  FBCAAAAEB  BEEAAAAAC 
AAA  EIBD6  FBCAAAAEB  CEEAAAAAC 
AND  DIBDB  FBCAAAAE6  DBAAAAAAC 
DAA  AAAAA  AAAAAAAAA  AAAAAAAAA 

CDE  CFCBA  CCGFCCBBA  CDSDDCBCA 
CJ3  CFDBA  CCDFCDGAA  DDCDDABDA 
CDE  C60BA  CDSFCCBRA  CDCDCABCA 
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data 

AECBEFA 

AECBEFA 

AABBEFC 

ADCB6FC 

AECBEFA 

AECBEFA 

ADBBEFA 

AECBEFA 

AEABEFB 

AEABEFA 

AICSGFA 

ADABEFA 

ADBBEFA 

AECBEFA 

AIABEFA 

AIABEFA 

AEABEFA 

AACBEFA 

AEBBEFA 

ADBBEFA 

AECBEFA 

EIABEFB 

ADABGCB 

DXEAEFC 

QXEAEFC 

DXEAEFC 

DXEAEFC 

DXEAEFC 

AICBEDB 

ADBBECB 

DXEAEFC 

QXEAEFC 

QXEAEFC 

AEABEFB 

QXEAEFC 

QXEAEFC 

QXEAEFC 

ADBBECB 

AEABECB 

QXEAEFC 

QXEAEFC 

AEBBEFB 

AEABEFB 

ADABEFB 

QXEAEFC 

PXEAEFA 

E8CDBDA 

PXEAEFB 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


1185 


Fossil 

(REDUCED  TROPHIC,  continued) 

Entry 

Insect 

jto. 

Tam  Corresponding  to  Entry  Umber 

locality 

References 

51. 

Scelionidae:  AH.  Idris  sp. 

1361 

Briaaldi  et  al.  1989 

52. 

Seel ionidae:  Proterosceiio  sp. 

C351 

Kfiningsaann  1978a 

53. 

Proctotrupidae:  Cryptoser phus  pinorus  Brues, 

C191 

Brues  1940a;  Masner  1969;  Kfiningsaann 

Diapri idae:  Aaiositra  sp. 

1978a;  Keilbach  1982 

54. 

Diapriidae:  Salesisorpha  sp. 

1151 

Kfiningsaann  1978a 

55. 

Scelionidae:  Palaeoqyron  meseiecki  Hasner 

Clll 

Keilbach  1982 

56. 

Platygasteridae:  Platyqastarites  fenoralis  Statz, 
Heloridae:  Helens  festivals  Statz 

[83 

Statz  1938;  Kfiningsaann  1982 

57. 

Hyaaridae:  faioroaaa  bezonnaisensis  Schlflter 

[453 

Schlflter  1978 

58. 

Trichograaaatidae:  Fnseagnis  pristiaus  Yoshiaoto, 
Hyraaridae:  Carpenteriana  tmida  Yoshiaoto 

[353 

Yoshiaoto  1975 

59. 

Eurytoaidae:  Decatoia  aatigua  Scudder 

[233 

Yoshiaoto  1975 

60. 

Eupelaidae:  Propeiia  rohdendorfi  Trjapltzin, 

[193 

Brues  1939;  Yoshiaoto  1975;  Keilbach 

Chalcidae:  Cryptoser phus  gracilis  Brues, 
Perilaapidae:  Perilanpus  sp. 

1982 

61. 

Agaonidae:  Tetrapus  layri  Brues,  Chalcidae: 
Chalcites  debilis  Heer 

[15,133 

Heer  1856;  Brues  1910;  Yoshiaoto  1975 

62. 

Hyaaridae:  Alaptus  psocidivorous  Sirault 

[113 

Doutt  1973 

63. 

Ptercealidae:  Pteronalites  oeningensis  Heer 

[33 

Heer  1865;  Yoshiaoto  1975 

64. 

Ibalidae 

[393 

Rasnitsyn  1938 

65. 

Aulacidae:  ilesauiacinus  ovifornis  Hartynov 

[603 

Hartynov  1925 

H08THPART  CLASS  34: 

mTRomc 

Fig .  130 

l. 

TRnesarcheidae 

[373 

Skalski  1979b 

2. 

Prohepialus  incertus  Piton,  leal-nine 

[271 

Piton  1940 

3. 

iiiseana  signata  tialker 

[213 

Harris  1984 

4. 

Prohepiaius  sp. 

[183 

JarzeaboMski  1980 

5. 

Sphingidae:  ‘Sphingiden-Raupe* 

[63 

Zeuner  1931 

6. 

Saturniidae:  Attacus  fossilis  Cockerell 

[153 

Cockerell  1922 

7. 

Saturniidae:  Aglia  tau  Linneaus 

CPleist. 3 

Koponen  &  Nuortev 

/ 
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_ louthpart  aorpholoqy  data _  dietary 

I  II  III  IV  V  VI  VII  VIII  IX  data 


405.  COL  /tiara  sp . CAABAAAA  CAD  BAA9CA  DB  CBBA  CON  CBCBA  CDSDCBSKA  DCFDBJHCA  EUDDDFA 

406.  COL  Eadister*  sp . CAABAABA  CAD  BAABDA  AA  DBBA  CIA  CFDBA  BDHE3CNBA  D  CDBABDA  EBCEDDA 

407.  COL  Calosoia  inquisitor  .  CACBAAAA  CAD  BAABCA  DB  DBCA  CJN  CFDBA  BCSECBSKA  ECFBCJHBA  EQBEEFA 

408.  COL  Calosoia  sycophants* .  CAEBABBA  CEA  BAABDA  AA  CABA  CIA  CFDBA  BDHDCCNQA  D  6DBHCDA  ESBDDDA 

409.  COL  Carabus  auraaiteas .  CABBAAAA  CAD  DAABCA  DE  DBGA  CBN  CFIBA  CEGDDBGKA  DDFBCLABA  EQCEDFA 

410.  COL  Carahos*  sp . CAEBABBA  CEA  BAABDA  DC  CBEA  C  N  CGPBA  CCGECBGPA  DCFCDNACA  EBCEDDA 

411.  COL  Ciciadela  caip estris .  CA  BAAAA  CAD  BAABCA  DB  CBDA  CIN  CFDBA  CDGECBGKA  ECFDCIHBA  EQCEDFA 

412.  COL  Ciciadela  hirticollis*.  .  .  .  CAEBABAA  CEA  BAABDA  BE  CBDA  CIA  CGBBA  CDGECBNSA  DDGDLIBDA  EBCEDDA 

413.  COL  Cychrus  sp . CACBAAAA  CAD  BAABCA  AA  CBCA  CIN  CBLBA  CDGDDB6KA  DCFDCIHBA  E=AEDFA 

414.  COL  Drypta  sp . CACBAAAA  CAD  BAABCA  AA  CB  A  CIN  CCLBA  CDGECEGKA  DCFDD1HBA  EBDEEFA 

415.  COL  Harpalus  caligaosus . CACBAAAA  CAD  BAABCA  DB  CBBA  CIN  CBLBA  CDGECBGKA  DDFDB1HBA  E&CDEFA 

416.  COL  Harpalus*  sp .  CAEBABBA  CEA  BAABDA  AA  AAAA  CIA  CBDBA  BDHDCBNBA  D  GDDHBBA  EBCDDDA 

417.  COL  Loricer a  pilicarais  .  CACBAAAA  CAD  BAACCA  DB  CBCA  CIK  C3CBA  CDGECBGKA  DDFDDIHBA  EQBDDFA 

418.  COL  loricera*  sp . CAEBABAA  CEA  BAABDA  DB  DBBA  CPE  CFDBA  CCGECB6PA  DCFCDBABA  EBCDBDA 

419.  COL  Hegacepbala  klugi  .  CACBAAAA  CAD  BAABCA  B  DBIA  CIN  CFDBA  CCGECBGKA  ECDDDFABA  EBCEDFA 

420.  COL  Hebria  brevicollis .  CACBAAAA  CAD  BAACCA  DB  DBGA  CIN  CBCBA  CCGECBGKA  DDFDDIHBA  EBCDDFA 

421.  COL  Hebria*  sp . CAEBAABA  CEA  BAABDA  E  AEIA  CHA  CGPBA  DBGECCGPA  DBDDDHACA  EBCDDDA 

422.  COL  Paussus  sp . CACBAAAA  GAD  BAABCA  B  DCBA  CIN  CBDBA  BDHEHDNBA  DCFDDIHCA  EGAEDFA 

423.  COL  Pterasticbus  aadidus .  CACBAAAA  CAD  BAACDA  DB  CBGA  CIN  CFLBA  BCGEC3GKA  DCFDDIHBA  E&CEDFA 

424.  COL  Scarites*  sp . CAEAABBA  CEA  BAABCA  D  AE  A  CPN  CFDBA  DCIECCGAA  DCFCCIHBA  EBCEDDA 

425.  COL  Staiis  puaicaius .  CA  BAAAA  CAD  BAABCA  DB  CBGA  CIN  CFLBA  CCGEC  6KA  DCGCDBCBA  EQDEDFA 

426.  COL  Tetrarcha  sp . '.  CAABAAAA  CAD  BAABCA  DB  DBttA  CIN  CFDBA  CDGEC  GKA  DCFDBJHCA  EBCEEFA 

427.  COL  frechus  quadristriatus.  .  .  .  CACBAAAA  CAD  BAABCA  DB  DBGA  CJN  CFLBA  BD6ECBGKA  DCGDDBCBA  EBDEDFA 

42B.  COL  Tricondylia  aptera .  CACBAAAA  A  BAABCA  B  CBMA  CJN  CFEBA  CDGEH86KA  ECFDLJHDA  EBCEEFA 

429.  COL  Srychius*  sp . CAEBABBA  MEA  BHCBBA  DE  DBGA  CPE  CJPBB  BCGDJDH  A  DCFCIBADA  DACBBDA 

430.  COL  Haliplus*  sp . CAEBABBA  CEA  BHCBBA  DE  DBBA  CIE  CIPBB  BCGDJDH  A  DDFCJBADA  DACBBDA 

431.  COL  Peltodytes  duedeciipunctatus.  CAABAAAA  CAB  BAABCA  DB  CB6A  CPN  CBDBA  CDGECCGKA  ECFDDBACA  E&CDBFA 

432.  COL  Peltadytes*  sp . CAEBABBA  CEA  BHCBBA  DB  DBGA  CFE  CJPBB  BCGCJDH  A  DCFCJBACA  DACBBDA 

433.  COL  Aiphizoa  ?iasoleas .  CACBAAAA  CAD  BAABCA  DB  DBCA  CPN  CDLBA  BDGECCIKA  DCFDDBACA  EBCDCFA 

434.  COL  Pelabia  tarda* . CAEBAABA  CEA  BHCBDA  DB  DBCA  ABE  CIBCB  BCFEBBAAA  DCFCBBABA  DBCDBDA 


435.  COL  Hydracaatbus  ?iridicalcr*  .  .  CAEBAABA  BEA  BAABBA  DE  DEBA  CP  CIPBA  BCFDBCAAA  DCECBAACA  DBCBBDA 

436.  COL  Calyabetes  sculptilis  ....  CAABAAAA  CAD  BAABCA  DB  DB  A  C  CFBBA  BDGECCGKA  ECFDDHABA  EBCDBFA 

437.  COL  Cybister  fiabrialatus*.  .  .  .  CAEBABBA  CEA  BHCBBA  DE  ENA  CPE  CJBBB  DCFGCEAAA  DCFEDFABA  DBCBBDA 

43B.  COL  Bytiscus  drcuidnctus.  .  .  .  BACBAAAA  CAD  BAABCA  DB  DBBA  CPN  CBLBA  CDGECBGKA  ECFDDHABA  EBCDBFA 

439.  COL  Dydsciis*  sp . CAEBABAA  CEA  BHCBBA  DE  BEGA  APE  CJBCB  DBF5CEAAA  DDEEDAABA  DBCDBDA 

440.  COL  Hypbydrus  au bei* .  CAEBABAA  CEA  BHCBFA  BE  AEHA  ABH  CJBCB  BCFD8EAAA  DCECDAABA  DBCBBDA 

441.  COL  Laccaphilus  testaceus*.  .  .  .  CAEBABAA  CEA  BHCBFA  CE  BEGA  ABH  CJBCB  BCJDCEPAA  CCECDAABA  DBCBBDA 

442.  COL  flreodytes  riralis* .  CAEBABAA  CEA  BHCBFA  CE  AEGA  ABH  CJBCB  BCFDCBAAA  CCECDAABA  DBCBBDA 

443.  COL  flineutes  discalcr  .  BACBAAAA  PAE  BAABCA  DB  DBGA  CEH  CFABA  CDKECCAKA  ECFDDBACA  EBCDBFA 

444.  COL  Dieeutes*  sp . CAEBABAA  CEA  BHCBBA  DE  DEGA  APE  CIBCB  CCGECB6KA  DDEDDAABA  DBCDBDA 

445.  COL  Gydims  suhstdatus  .  CACBAAAA  PAE  BAABCA  DB  DBGA  CPB  CFABA  BCGECCGKA  DCFDDBACA  EQCDBFA 

446.  COL  Orecbtachilus  diJosus*  .  .  .  CAEBAABA  CEA  BHCBBA  BE  DEBA  AAE  CJBCB  BCGECBGKA  DDEDDAABA  DBCDBDA 

447.  COL  Ochtebius  iipressas* .  CAEBABBA  CEA  BAABDA  DC  CBFA  C  E  CFKBA  BD6DBCDKA  CDFCDHADA  E*CCCDA 

448.  COL  Cepbalaplectus  ius .  BAAAAAAC  GAA  CAABCA  DB  DBGA  CFE  CBDBA  BDGECCHIA  DCGDDFDCA  EGAEFFA 

449.  COL  Anisatsia  hlanchardi*  ....  CAEBABBA  CEA  BAABDA  DB  CBBA  CH3  CFNBA  CCGDBCHIA  DCGDBOFCA  ENAEEDA 

450.  COL  Cainostersui  iihricatui  .  .  .  BACBAAAA  GAC  BAABCA  DB  DBGA  CCC  CCNBA  BDGDCCHKA  EBFDDBACA  ELBEEFA 

451.  COL  Speapbyes  lucidulus* .  CAECABBA  PAA  BAACBA  AE  DBGA  JE  CJEBA  BDGDBCBNA  DBFCBBACA  DLCBEDA 

452.  COL  Leptinus  testaceus .  CAABAAAC  GAA  CAABCA  AA  DBBA  CPE  CAAAA  BDGECCHIA  DCFDBBACA  ETBEFFA 

453.  COL  Platypsyiius  sp . CAACAAAC  GAA  CAABCA  AA  DBBA  CPE  CAAAA  CCGECCHJA  DBFDBAADA  ETAEFFA 
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454.  COL  Scydaaeaas  tarsatas* .  CAEBABBA  PEA  BAABBA  AA  DBBA  CJE  CFB8A  BCGDBCHHA  BCFCBFACA  E=BDEDA 

455.  COL  Hecropboroas  sp . CACBAAAA  BAD  BAABFA  DC  DBCA  CPE  CFDBA  BDGECBHKA  DCFDDBABA  EHCDDFA 

456.  COL  SilpJia  aaericana .  CACBAAAA  GAD  BAABFA  AA  DBCA  CCE  CFDBA  BDSECBHKA  DCFDDBBBA  EHCDDFA 

457.  COL  Silpba  aoaeborac easis*.  .  .  .  CAECABBA  FEA  BAABFA  DB  BBBA  CCE  CFDBA  BCGECCHKA  DDFCDBACA  EHCDDDA 

458.  COL  Thanatophiius*  sp . CAECABBA  FEA  BAABFA  DB  CBCA  CAE  CFDBA  BCGECBHKA  CDFCDCADA  EHCDDDA 

459.  COL  Aparicocbara  iaeaicoiiis.  .  .  CABBAAAC  GAD  CAABCA  DB  DBCA  CA  CBJBA  CEGEDCHJA  DCDCBFACA  EOBDEFA 

460.  COL  Bracbida  exipaa  .  CABBAAAA  GAD  BAABCA  AA  DBGA  CA  CBJBA  BEGEDCHJA  DCFCBBACA  EOCDEFA 

461.  COL  Bracbychara  Pcrassa  .  CABBAAAA  GAD  CAABCA  DB  CBCA  CA  CBJBA  CEGEDBHJA  DCDCBFACA  EOBDEFA 

462.  COL  Creopbilos  villosus  .  CABBAAAA  GAB  BAABFA  DC  DBGA  CFA  CFLBA  CEGECCHJA  DCFDBBACA  EUCEDFA 

463.  COL  Diannas  coeraiesctns .  CABBAAAA  GAB  BAABCA  DBGA  CCA  CFIBA  CEGEECHJA  DC8CCFKCA  EQCDCFA 

464.  COL  Eaiicrota  corruscula . CABBAAAA  GAD  BAABCA  DB  CBCA  CCA  CBJBA  BEGEDCHJA  DCFCBBACA  EOCDEFA 

465.  COL  Gyropbaeaa  aff in  is .  .....  CABBAAAA  GAD  BAABCA  DB  CBCA  CA  CBJBA  CEGEDBHKA  DCFCBBACA  EOBDEFA 

466.  COL  Loeblius  aapaieasis  .  DAABABAA  GAA  BAABCA  AA  CBGA  CCA  CFBBA  CDGEDCHMA  DC6DDCCCA  EOBDDFA 

467.  COL  Hepapaedias  expiaaatas.  .  .  .  CACBAAAA  GAD  BAABCA  DB  DBCA  CCA  CFDBA  BDGCCCHKA  DDGBDCCCA  ETBDFFA 

468.  COL  Pacborbopala  jeaaeli .  CACBAAAA  6AD  BAAB  A  AA  CBHA  CCA  CBBBA  CEGECBHKA  DDDDBFACA  EODDAFA 

469.  COL  Pbaaeroia  iasipaiveatris.  .  .  CABBAAAA  GAB  BAABCA  DB  DBCA  CCA  CBJBA  CEGEDCHKA  DCFCBFACA  EOCDEFA 

470.  COL  Pbilontbas  decaras .  CABBAAAA  GAD  BAABCA  DB  DBCA  CCN  CFDBA  BEGECBHKA  DDDDDBACA  ESCDDFA 

471.  COL  Pseadolipaota  aff it  is  ....  CABBAAAA  GAD  BAABCA  DB  DBCA  CCN  CBJBA  CEGED  HJA  DCDCBFACA  EOCDEFA 

472.  COL  Stapbylinas  oleas  .  CABBAAAA  GAD  BAABCA  AA  DBCA  CCN  CFDBA  CEGECBHKA  DDGDDFFCA  EOCDEFA 

473.  COL  Stapbylinas*  sp . CAECABBA  CEA  BAABDA  AE  AEGA  CAE  C6BBA  CCHDCCNOA  DDFCBFACA  EBCDEDA 

474.  COL  Steaas  bipanctatas .  CABBAAAA  GAB  BAABCA  AA  DBBA  CCA  CFIBA  CEGECEHJA  8DGDCNECF  EOCDEFA 

475.  COL  Steaas  biputtatas* .  CAECABAA  CEA  BAABDA  AE  AEGA  CAE  CSIBA  BCHDBENOA  DBFCBBACA  EBCDEDA 

476.  COL  Sternotropa  brivkonis  .  .  .  CABBAAAA  GAD  CAABCA  DB  DBCA  CCA  CBJBA  CEGEDCHJA  DCDCBFACA  EODDEFA 

477.  COL  Tbiaopiaus  pictas* .  CAECABAA  CEA  BAABDA  AE  AEMA  CAE  CBBBA  CCHDCCNOA  DDFCBBADA  EUCDEDA 

478.  COL  Hbinoscepsis  bistriatas  .  .  .  CABBAAAA  HAD  BAABCA  AE  CBHA  CCA  CFDBA  CEKEDCAKA  DDECCAACA  ELDEDFA 

479.  COL  7 ricbonyx  saicicollis*.  .  .  .  CAECABBA  OAA  BAABDA  AE  DBBA  CAE  CFDBA  CCHDBCNQA  CCECBAACA  EOCDGDA 

480.  COL  Acaloiicras  pasio  .  CCCBAAAA  GAD  BEABCA  DB  BBFC  CPI  CQI8E  BCGECBFBE  CCDDHPACB  KVCBDFB 

481.  COL  Berosas  sp . BAABAAAA  HAD  BAABCA  CB  DBEA  CPE  CFDBA  CCFECEAAA  DCFCDOABA  EUCDBFA 

482.  COL  Hydrobias *  sp . CAEAABBA  CEA  BAABDA  DE  DEHA  CBE  CFDBA  CCJDBCBAA  DDFCBFACA  EOCDBDA 

483.  COL  Hydrocbas  squaiifer* .  CAEBABBA  CEA  BAABBA  CE  AAAA  C  A  CFDBA  CCFDBDAAA  CCECBAADA  EOCDBDA 

484.  COL  Hydropbilas  oaraboides*  .  .  .  CAEAABBA  EEA  BAABDA  DE  DEHA  CBE  CFDBA  DCJDBBBAA  CDFCBFACA  EOCDBDA 

485.  COL  Hydropbilas  obtasatas  ....  CAABAAAA  HAD  BAABCA  DB  DBGA  CBE  CFDBA  CDGECEHKA  DCGCDBCBA  EOCDBFA 

486.  COL  Hydrous  trianpalatas*  ....  CAEAABBA  CEA  BAACDA  DE  DEBA  CBE  CFIBA  DCJDCBBAA  DDFCBFACA  EOCDBDA 

487.  COL  Pbilbydras  iestaceas*  ....  CAEAABBA  CEA  BAACDA  DE  DEHA  CBE  CFDBA  CCJDBCBAA  DDFCBFACA  EOCDBDA 

488.  COL  Spercbeas  enarpiaatas*.  .  .  .  CAEBABBA  CEA  BAABBA  CE  DBGA  CBC  CFFBA  BCGDCCFKA  DCFCDFADA  DOCDBDA 

489.  COL  Spbaeridia*  scarabaeoides  .  .  CABBAAAA  HAD  BAABCA  DB  DBBA  CPE  CFBBA  BDGEDCHPA  DDFDCBACA  EACDDFA 

490.  COL  Sphatridiut*  sp . CAEBABBA  CEA  BAABDA  CE  DEEA  CBE  CFBBA  CCJDBCBAA  DDFCDAACA  BQCBDDA 

491.  COL  Tropisternas  plaber  .  CACBAAAA  GAB  BAABCA  DE  DBBA  C  E  CBDBA  CDGECEHJA  DDGDDFKCA  EiCDBFA 

492.  COL  Georyssas  laevicollis  ....  CACCAAAA  GAD  BAABCA  CB  DBCA  C  C  BA  CDGECCBKA  CCFECCACA  E  CFA 

493.  COL  Sphaerites  plabratus .  CACBAABA  GAD  BAABCA  DB  CBBA  C  CFDBA  BDGECCHKA  DCFEDBACA  EIDBEFA 

494.  COL  Hister  obtasatas .  CACAAABA  GAD  BAABCA  DB  DBBA  C  CFDBA  BDGECBHIA  DCGDDACCA  EPCDDFA 

495.  COL  Hololepta*  sp . CAEAABBA  CAA  BAABDA  AA  AAAA  C  CFPBA  CCJDCCBAA  CDFCBAACA  EOCDDDA 

496.  COL  facinetas  leridioaaiis.  .  .  .  CACBAAAA  GAB  BAABCA  DB  DBBA  CBA  CBLBA  CDGECCHKA  DDFDDLACA  EaCCDFA 

497.  COL  Eacinetas  aorio* .  CAEAABBA  CEA  BAACDA  AE  DBGA  CCE  CBCBA  BC6CCCBDA  DCGCDBBDA  ELCEDDA 

498.  COL  Jentozias  plaananai  .  CCBBAAAC  GAD  CCEBFA  BB  BBHI  BBA  AAAAE  CCGECBCDF  DCFDDAAC1  B  DBDFA 

499.  COL  TobtUzkus  poaticas  .  CCBBAAAC  GAA  BCEBFA  BB  BBHI  BBA  AAAAE  CCGECBCDF  DCFDDAACI  B2CBDFA 

500.  COL  Claibas  panctalatui  .  CABBAAAA  GAD  BAABCA  DB  CBBA  CCA  CFDBA  CDGECCGKA  DCFDBBACA  EUCDDFA 

501.  COL  Elodes  larpinata*  .  CAEBABBA  CEA  BAABDA  AE  DBGA  CFB  CBLBA  BC6DCBHKA  DCECDAACA  E*CCBDA 

502.  COL  Prionocyphoi)  discoideus *.  ■  .  CAEBABBA  BEA  BAABDA  AE  CBCA  CF6  CFLBA  BCGECBHKA  DCECDAACA  EtCCBDA 
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503. 

COL 

Scirtes  tibialis . 

.  CABBAAAA 

CCD 

BAABCA 

DB 

DBEA 

CBC 

CBBBA 

SDSEDBHJA 

DCFD  FACA 

QXEADFA 

504. 

COL 

disci  Hus  cem'aus*  .... 

.  CAECABBA 

CAD 

CAACDA 

CE 

DBBA 

CFB 

CBEBA 

BDSDCCPHA 

CDECDAACA 

EVCDBDA 

505. 

COL 

TricJientoaa  children*.  .  . 

.  CAEAABBA 

CAA 

CAABDA 

DE 

DB6A 

CB 

CBDBA 

8DEDBCBIA 

CCFCDCADA 

EiCDDDA 

506. 

COL 

Saadalus  tiger . 

.  CBCBAAAA 

EAD 

BAABCA 

CB 

AAAA 

CBE 

CBDBA 

CCSECBFRA 

DCFDOBABA 

ETBDEFA 

507. 

COL 

Luc as us  cerous . 

.  CABBAAAA 

I  AD 

BAABCA 

AE 

AEAA 

CBE 

CFDBA 

CCSECBAAA 

DCDDDLACA 

EIBBDFC 

508. 

COL 

tucaeus  cerrus*  . 

.  CAECABBA 

CAA 

CAABDA 

DB 

CB6A 

CRE 

CFDBA 

BCBDBCPKA 

DDFCBAADA 

E1DBDDA 

509. 

COL 

Pseudoiacams  ca preolus  .  . 

.  CACBAAAA 

IAD 

BAABCA 

AE 

CSBA 

CBE 

CFDBA 

CCEECBHBA 

DCDDDLABA 

E6BBDFA 

510. 

COL 

Siaodendroa  cylindrical*.  . 

.  CAECABBA 

CAA 

CAABDA 

DB 

CBBA 

CRE 

CFDBA 

CCBDCCPKA 

DCECBAADA 

EZCBDDA 

511. 

COL 

Passalus  conutus . 

.  CAACAAAA 

BAD 

BAABCA 

DE 

DBCA 

CPE 

C3DBA 

CESECBPKA 

DCFCDBACA 

EZCDDFA 

512. 

COL 

Passalus  corautus* . 

.  CAECABBA 

OAA 

CAACDA 

DB 

CB6A 

CRI 

CFCBA 

BDBCCDPKA 

DCFCBBADA 

EZCDDDA 

513. 

COL 

Popilius  disjunctus*.  .  .  . 

.  CAEBABBA 

OAA 

CAABCA 

DB 

DBEA 

CRI 

CDEBA 

SDSDCOPKA 

DCFCDHADA 

EZCDDDA 

514. 

COL 

Trox  scatter* . 

.  CAECABBA 

OAA 

CAACDA 

DB 

CB6A 

CRC 

CBNBA 

BCSCCCPKA 

OCFDDBADA 

EWCDDDA 

515. 

COL 

Seotrupes  stercorarius.  .  . 

.  CACBAAAA 

JAD 

BAABCA 

B 

CBHA 

CPE 

CHLBA 

CESECBHJA 

CCDDDCACA 

IXCEBFA 

516. 

COL 

Seoirupes  spleodidus*  .  .  . 

.  CAEAABBA 

OAA 

CAACDA 

CE 

DBEA 

CRI 

CBEBA 

BCBEBCPKA 

DCECBAACA 

EXCEBDA 

517. 

COL 

Bipbyllosto aa  liasleyi.  .  . 

.  CBCBAAAA 

HAB 

BAABCA 

CB 

AAAA 

CPE 

CBBBA 

CCEECBBKA 

DCEDDAACA 

E  DDFC 

518. 

COL 

Kaphiialloo  aajalis  .... 

.  CABBAAAC 

JAD 

BAACCA 

DE 

DBEA 

CBC 

CBEBA 

BCEDDCLKA 

DCFCDOACA 

EOCEEFA 

519. 

COL 

Aaphiaallon  aajalis*.  ,  .  . 

.  CAEAABBA 

CAA 

CAACDA 

DB 

DBBA 

CRI 

CFEBA 

CDSDCCJKA 

DCFCDHACA 

EJBDSDA 

520. 

COL 

Kaastrategus  spletdets*  .  . 

.  CAEAABBA 

CCA 

CAACDA 

DB 

CBEA 

CRI 

CFCBA 

BDBDCCPKA 

DCFCDHADA 

EZCDDDA 

521. 

COL 

Kserica  castanea*  . 

.  CAEAABBA 

CCA 

CAACDA 

DC 

CBBA 

CRI 

CFCBA 

BDSDCCPKA 

DCFCDHACA 

EJB9DDA 

522. 

COL 

Cetoaia  aurata . 

.  CABBAAAC 

JAD 

CAAB  A 

CB 

BJA 

CPE 

CHIBA 

CDEECBHJA 

DCFDDLACA 

EDDCEFA 

523. 

COL 

Heloloatb a  hippocastaai*.  . 

.  CAECABBA 

CAA 

CAACDA 

DB 

CBEA 

CRI 

CFLBA 

BDSECBPKA 

CCFCDHACA 

EJBDSDA 

524. 

COL 

deloloat/ia  vulgaris  .... 

.  CA  AAAC 

JAD 

CAACBA 

DB 

DBCA 

CPI 

CBNBA 

BDBEDBLRA 

DCFDCLA  A 

EEDDEFA 

525. 

COL 

deodoa  pecuarius.  ..... 

.  CABBAAAC 

JAD 

CAAB  A 

CB 

CBJA 

CPE 

CBIBA 

CDBEDBPHA 

DCFDCFACA 

EECDEFA 

526. 

COL 

Oryctes  grypus . 

.  CABBAAAC 

JAD 

CAACCA 

OD 

CBBA 

CPE 

CBLBA 

BDJECBLAA 

DCFDDLACA 

EZCEDFA 

527. 

COL 

Oryctes  aasicorais*  .... 

.  CAEAABBA 

CAA 

CAACCA 

DB 

CBBA 

CRI 

CBDBA 

BDSECCPKA 

DDECDAACA 

EACDEDA 

528. 

COL 

Phyllophaga  rugos a*  .... 

.  CAEAABBA 

CAA 

CAACCA 

DB 

CBEA 

CRI 

CBJBA 

CDHECBN6A 

DDFCDBACA 

EJBDSDA 

529. 

COL 

Piaelopsis  porcellus.  .  .  . 

.  CABBAAAC 

JAD 

CAABCA 

DO 

CBHA 

CPE 

CHLBA 

CDJED8LAA 

DCFDCBABA 

EEBDEFA 

530. 

COL 

Popillia  japoaica  . 

.  CACBAAAC 

JAD 

BAABCA 

DO 

DBBA 

CPB 

CBNBA 

CDJECCLAA 

DCFCDBACA 

EACDEFA 

531. 

COL 

Popilli a  japoaica* . 

.  CAEAABBA 

CAA 

CAACDA 

DB 

CBEA 

CRI 

CHJBA 

CDHECBNSA 

DDECDAADA 

EJBDSDA 

532. 

COL 

Scarahaeus  sacer . 

.  CACBAAAC 

JAD 

CAABCA 

DB 

CBHA 

CPE 

CHLBA 

CDEECBFKA 

DCFDFLABA 

IXCEDFA 

533. 

COL 

Byrrhus  aaericata  . 

.  CACBAAAA 

BAD 

CAABCA 

AA 

CBCA 

CJE 

CBDBA 

CDEECBHJA 

DDDDDHACA 

EEBDEFA 

534. 

COL 

Byrrtius  fasciatus* . 

.  CAECABBA 

OEA 

CAABDA 

DB 

DBBA 

CB 

CBLBA 

BDSDCDPKA 

DDDCDBADA 

EEBDEDA 

535. 

COL 

Chalcop/iora  uirginiensis*  . 

.  CAECAABC 

OAA 

BAABDA 

DB 

DBEA 

CRN 

CBDBA 

BCHCJD6HA 

DCBAAHAAA 

RKAOEDA 

536. 

COL 

Clirysohotliris  feaorata*  .  . 

.  CAECAABC 

OAA 

BAABDA 

DB 

CBBA 

CRN 

CBDBA 

BCHCJDBHA 

CBAAHAAA 

RKCDEDA 

537. 

COL 

Ptilodactyla  serricollis*  . 

.  CAEAABBA 

OEA 

BAABDA 

DB 

DBJA 

CBE 

CSHBA 

BDEE3CPHA 

DDFCBBACA 

E*CCSDA 

538. 

COL 

Cheloaariui  ornatui  .... 

.  CACBAAAA 

CAB 

CAABCA 

DB 

DBBA 

CJE 

CFBBA 

BESEDCEBA 

CDDDDBACA 

EEDDEFA 

539. 

COL 

Heterocerus  paralleled  .  . 

.  CAACAAAA 

FAD 

BAABCA 

DB 

CBEA 

CJE 

CFBBA 

OESDCCHKA 

DOFDDLABA 

ELCDBFA 

540. 

COL 

iianius  troglodytes*.  .  .  . 

.  CAECABBA 

OCA 

BAABDA 

DB 

DBEA 

CPC 

CBHBA 

CCEDCCIHA 

BCFBJBADA 

EUCEEDA 

541. 

COL 

Lutrochus  arizonicus.  .  .  . 

.  CBCCAAAA 

FAD 

BAABCA 

DB 

CBEA 

CJE 

CFLBA 

BEEEDCHJA 

CCFDCHACA 

E  DBFC 

542. 

COL 

Belichus  fastigatus  .... 

.  CACBAAAA 

EAD 

CAABCA 

DE 

DBBA 

CJE 

CFDBA 

CDHEECSHA 

OCFDNKACA 

EACDBFA 

543. 

COL 

deiic/ms*  sp . 

.  CAEAABBC 

OCA 

BAABDA 

DB 

DBJA 

CBE 

CFHBA 

CDBECCHHA 

D8FCDBADA 

EJCDBDA 

544. 

COL 

Biolvs*  sp . 

.  CAEBABBA 

OCA 

BAABDA 

DC 

DBBA 

CPC 

CBHBA 

CCEECCJHA 

DCFCJKADA 

EACDDDA 

545. 

COL 

Steaeiais  creaata* . 

.  CAEAABBC 

OEA 

BAABDA 

DB 

DBEA 

CBE 

CBHBA 

BDSECCPKA 

DBFCDBADA 

E*CDADA 

546. 

COL 

Psepheaus  iecoatei . 

.  BACBAAAC 

CAB 

CAABCA 

DB 

DBEA 

CJE 

C  BA 

BEEEEBBBA 

DCFDDBACA 

BXEACFA 

547. 

COL 

Krteiatopus  discoidalis*.  . 

.  CAEBABBA 

OCA 

BAABCA 

CE 

BSSA 

CEK 

CFLBA 

BCSEBCEHA 

DCFCDJHCA 

E6CDD0A 

54B. 

COL 

Agriotes*  sp . 

.  CAEAABBA 

OAA 

BAABDA 

DE 

CDDA 

CBA 

CFHBA 

CCEEBCHCA 

CCFCBNADA 

EJCDBDA 

549. 

COL 

Klaus  oculatus . 

.  CABBAAAA 

FAD 

BAABCA 

E 

DBEA 

CJE 

CFBBA 

CDSEDBHJA 

CDFDCLACA 

EEDFEDA 

550. 

COL 

Klaus  oculatus*  .  . 

.  CBECAABA 

OAA 

BAABDA 

DE 

CDAA 

CBA 

CFBBA 

CDSECCEJA 

CCFCDFADA 

EZCDEDA 

551. 

COL 

doristoaotus  uhlerii*  .  .  . 

.  OAEAABAA 

OAA 

BAABDA 

CB 

CBCA 

CBA 

C  LBA 

DBJEBCHAA 

BBECBAACA 

EACDEDA 

552. 

COL 

deotrichopAorous  caroiiaeasis  CABCAAAA 

FAB 

BAABCA 

AE 

DBEA 

CJE 

CFBBA 

CDEEEB  A 

DDBDFLACA 

8ZEADFA 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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I  II 

553.  COL  Parallelostetkas  attenuates*.  CAEAABBA  HAA 


554.  COL  Cebrio  bicoior . CACBAAAA  FAB 

555.  COL  Cebrio  antenoatus* . CAECABBA  AAA 

556.  COL  Oestodes  tenuicollis*  ....  CAECABBA  OAA 

557.  COL  Tkroscus  deraestoides  ....  CACBAAAA  FAE 

558.  COL  Eucneiis  capucina  .  CACCAAAA  FAD 

559.  COL  Helasis  rufipennis * . CAEBAABA  AAA 

560.  COL  Rbinorbipus  taiboriensis.  .  .  CBCCAAAA  CAD 

561.  COL  Bracbypsectra  fair a* . CAEAABBA  GAA 

562.  COL  Calockroais  tarsaiis*  ....  BAEBABBA  HCA 

563.  COL  Calopteron  reticulatun*  .  .  .  CAEBABBA  HAA 

564.  COL  Fro s  aurora* . CAEBABBA  HAA 

565.  COL  Lycos  sp . CCCCAAAC  CAB 

566.  COL  Drilios  concolor* . CAEAABBA  OAA 

567.  COL  Pkenogodes  laticollis*.  .  .  .  CAECA8AA  OCA 

56B.  COL  Pkenogodes  sp . CACAAAAA  EAB 

569.  COL  Laipyris  noctiluca*  .  CAECABBC  OCA 

570.  COL  Laapropkorus  tenebrosus*.  .  .  CAEBABBC  CCA 

571.  COL  lucioia  dobia* . CAECABBC  OCA 

572.  COL  Pkotiaus  pyraiis*  .  CAECABBC  OCA 

573.  COL  Photuris  pennsylranica*  .  .  .  CAEBABBC  OCA 

574.  COL  Caotbaris  aadersoni  .  CACBAAAC  CAD 

575.  COL  Cantkaris  rustica* . CAECABBA  OCA 

576.  COL  Cbauiiognatbus  pennsylranicus  CABAAAA  CAD 

577.  COL  Oerodontus  nacolatus . CABBAAAC  BCD 

57B.  COL  Nosodendron  califoraicua.  .  .  CACCAAAA  GAD 

579.  COL  Nosodendron  unicolor*  ....  CAEAABBA  OEA 

580.  COL  Antbrenus  fasciatus* . CAEBABBA  OEA 

581.  COL  Beraestes  lard arias . CABBAABC  GBD 

5B2.  COL  Senestes  euipi nus* . CAECABBA  OEA 

583.  COL  Sapkopkagus  ainutus* . CAEBABAA  OAA 

5B4,  COL  Apatides  fortis  .  CABCAABC  GAD 

585.  COL  Apatides  fortis * . DAEAABBC  OCA 

586.  COL  Lyctus  linearis . CAABAAAA  6AD 

587.  COL  Scobicia  declivis* . CAEAABBC  OCA 

588.  COL  Anobiui  striatui*  .  CAECABBA  HCA 

589.  COL  Tricbodesna  klagesi* . CAECABBA  HCA 

590.  COL  fliigoierus  brunneus  .  CABBAABC  CAD 

591.  COL  fliigoierus  fur * . CAEAABBA  HAA 

592.  COL  Hylecoetus  lugubris  .  CABBAAAA  FAD 

593.  COL  Calitys  scabra* . CAECABBA  OEA 

594.  COL  Proianus*  sp . CAEBABBA  OCA 

595.  COL  Tenebroides  nanus* . CAECABBA  OEA 

596.  COL  Teiaocbila  v iris  cense  ....  CAEBABBA  OEA 

597.  COL  Cailineris  arcufer* . CAEBABBA  OEA 

598.  COL  Fnoclarus  iecontei* . CAEBABBA  OEA 

599.  COL  Necrobia  rufipes*  .  CAEBABBA  OEA 

600.  COL  Trickodes  ornatus  .  CACBAAAC  GAD 

601.  COL  Basytes  coeralevs * . CAECABBA  OEA 


III  IV  V  VI  VII  VIII  IX  data 

BAABDA  DE  CDHA  CBA  CFDBA  CDJE3CGAA  CDFCBBADA  Q7.EADDA 
BAABCA  CE  DBGA  CJE  CFBBA  BD6ECEHJA  CDFDDLABA  EUCDEFA 
CAABDA  CE  CDHA  CBA  CFBBA  CD6ECCGJA  CDFCDLACA  EJDDGDft 
BAABDA  CE  CODA  CBA  CBDBA  CCJEBDGAA  CCFCDFADA  EJDDBDA 
CAABCA  DE  DBGA  COE  CFDBA  BDGECBHJA  DCFDCLACA  EDCDEFA 
CAABCA  AE  DBGA  CJE  BBDBA  BDGEDCHCA  DDFDCFACA  EZDBDFA 
BAABDA  AA  AAAA  DAA  C  IBA  AAFDIAAAA  DCAAAAAAA  RZCBEDA 
BAABCA  BB  CBJA  CFC  CFBBA  CEGEDBHJA  CCFDCLACA  EA  DGFC 
BHCBDA  CE  CDIA  CBA  CJBCB  CCJEDDPAA  CCDCDDACA  ESCDDDA 
BHCBBA  AA  AAAA  CBA  CPABB  CBJDJDPAA  DBECJAADA  DBCBDFA 
BHCBBA  AA  AAAA  CBA  CPABB  BBGEBDPAA  DCED3AACA  D9CBDDA 
BHCBBA  AA  AAAA  ABA  CPABB  BBJDJDPAA  DCECJAADA  DBCBEFA 
CAABCA  AE  CB  A  CJE  CFBBA  CDGEDBHBA  BCFDDFACA  EBCDEFA 
BHCBDA  CE  CDEA  ABA  CJBCB  BCJEJDPAA  BDECDAACA  D=BBDDA 
BHCBBA  AA  ADAA  ABA  CJBCB  CCJECCGAA  CDFCDFADA  DSCBDDA 
BAABCA  DE  DBGA  CJE  CGBBA  BDGEDCHJA  CCFDDHACA  ESBDDFA 
BHCBBA  DE  ADEA  ABA  CJBCB  CCJEJDGAA  BCECBAADA  D=CBEDA 
BHCBDA  DE  AAAA  ABA  CJbCCB  CCJCJDGAA  CCECBAADA  D=CBDDA 
BHCBDA  DE  AAAA  ABA  CJKCB  DCJEBDGAA  CCECDAADA  D=CBDDA 
BHCBDA  DE  ADDA  ABA  CJKCB  CCJDBCGAA  CCFCBBADA  D=C8DDA 
BHCCDA  CE  CDDA  ABA  CJKCB  CC6EBDGKA  CCECBAADA  D=CBDDA 
CAABCA  DB  DBGA  CRA  CFBBA  CD6EDBHKA  DCFDCIACA  EDCDEFA 
BHCBDA  DE  AAAA  ABA  CJKCB  CCJEBCGAA  CCECBAADA  D6CDEDA 
BAABCA  DB  DBCA  CRA  CFBBA  CDJEDBJAA  CCFDCFACA  EHBEEFA 
CAABCA  DE  CBGA  C3I  COBBA  BEGECCHJA  DCGDDOBCA  EOCDEFA 
BAABCA  DB  DBEA  C  CFBBA  BD6ECCHKA  DCFDCHACA  EIBBEFA 
BAABDA  DD  DEEA  CBN  CBJBA  BCGDCCHKA  DDGCDHCDA  EHCDEDA 
CAABDA  DB  DB6A  CBC  CBDBA  BC6D8DHKA  DDDCJHADA  EJCDFDA 
CAABCA  DB  DBCA  CBN  CBHBA  BDGECCHKA  CCGDDFHCA  EWCDDFA 
CAABDA  DB  DBGA  CBI  CBLBA  CEGDBDHJA  CDCCBACDA  EKCDDDA 
BAABDA  CE  CBBA  CCE  CBEBA  CCHDCC8HA  DCDCDOACA  E  DDDA 
CAABCA  DB  DBNA  CBJ  CFBBA  CDGEC8HJA  DDCDDACBA  RKCDEFA 
BAABDA  DB  DBGA  CBI  CNBBA  BC6CCCHDA  DDFCDQACA  RKBDEDA 
BAABCA  DB  DBGA  CBI  CFDBA  BDGECBHJA  DCGDDLKCA  RKCDEFA 
BAABDA  OB  DBGA  CBI  CNBBA  CCGCJDHDA  DDFCDHADA  RKCDEDA 
CAABDA  DB  CB6A  CBI  CNOBA  CDJDBDHAA  CDECBKADA  RKCDEDA 
CAABDA  AE  CBGA  CBN  CBDBA  CCGDBDPKA  CDECBAADA  RZDDDDA 
CAABCA  DD  CBGA  C  CFBBA  BDGECBHJA  BCFDDOACA  EBCDDFA 
CAABDA  DB  DBGA  CBA  CFLBA  CDGDBDPPA  CDEBJAADA  RZDDDDA 
CAABCA  AA  DBGA  CBE  CBDBA  BC6EDCHRA  CDFDDBACA  EOBDEFB 
BAABDA  DB  DBGA  CBE  CBDBA  BCHDBCNBA  CDECBAADA  EBCDEDA 
BAABDA  DB  DBBA  C  CBDBA  BCHDCDNQA  CDECDAADA  EBCDADA 
BAABDA  DB  DB6A  CBE  CBLBA  CCHDBCNBA  CDECBAADA  EBCDDDA 
BAABDA  DB  DBGA  CBI  CBDBA  CCHDBCNBA  BDFCDFACA  EBCDEDA 
BAABDA  DB  DBGA  CBG  CBDBA  BCHDCCHBA  CDFCBFACA  EBCDEDA 
BAABDA  DE  DBGA  CBE  CB6BA  BCHDBCNBA  DCECBAACA  EBCDEDA 
BAABDA  DB  CBBA  CB  CBDBA  BCHDBCNBA  CCFCBBACA  EUCDFDA 
CAABCA  DE  CBCA  CBE  CFDBA  BDGECCHJA  CCFDCHACA  EBCDEFA 
BAABDA  DB  DBGA  CBI  CBHBA  BC6DCDPKA  DDFCDFAOA  ENCDDDA 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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&02. 

COL 

603. 

COL 

604. 

COL 

605. 

COL 

606. 

COL 

607. 

COL 

608. 

COL 

609. 

COL 

610. 

COL 

611. 

COL 

612. 

COL 

613. 

COL 

614. 

COL 

615. 

COL 

616. 

COL 

617. 

COL 

618. 

COL 

619. 

COL 

620. 

COL 

621. 

COL 

622. 

COL 

623. 

COL 

624. 

COL 

625. 

COL 

626. 

COL 

627. 

COL 

628. 

COL 

629. 

COL 

630. 

COL 

631. 

COL 

632. 

COL 

633. 

COL 

634. 

COL 

635. 

COL 

636. 

COL 

637. 

COL 

638. 

COL 

639. 

COL 

640. 

COL 

641. 

COL 

642. 

COL 

643. 

COL 

644. 

COL 

645. 

COL 

646. 

COL 

647. 

COL 

643. 

COL 

649. 

COL 

650. 

COL 

t»xon  _ aouthpart  isrpholegy  data _  dietary 

I  II  III  IV  V  '  VI  VII  "VIII  IX  data 

dalacbias  bipastalatas.  .  .  .  CABBAAAA  FAD  CAABCA  DB  CBSfl  CC  CBDBA  BEGECCHKA  DDFDDHACA  EHBCEFA 

Sphincfus  dubius  .  CACBAAAA  HAD  CAABCA  CB  DBBA  CBE  CFDBA  BDGECCHJA  DCFDDHACA  ELBEDFA 

eiischrocbilas  obtasatas*  .  .  BAEBABBA  OEA  BAABDA  BE  DBBA  CCN  CBLBA  BCHDCCNBA  DCFBBHADA  EVAEEDA 
Proaetobia  sexaacalata*  .  .  .  BAECABBA  OEA  BAABDA  DE  DBBA  COM  CBCBA  CCHDCCNQA  BDFBDBADA  EVAEEDA 

Abizcpbagas  picipes  .  CABBAAAA  HAD  BAABCA  AA  DBBA  CBE  CBDBA  CEGEDCHJA  DDDDCCACA  EQDDEFA 

Bogasiui  aristrongi  .  CABBAAAA  DAD  BAACCA  CB  BBBA  CBE  CBEBA  BCBECCPKA  CCFDCBACA  EHCCDFB 

Rbophalobracbiaa  clavipest.  .  BAECAAAA  OEA  BAACCA  DE  BBBA  CCE  CBLBA  BOHDCCNOA  CCFCDHAEA  EZCEDDC 

belota  geaaata* . CAECABAA  CEA  BAABDA  CE  CEBA  CCI  BFDBA  BDHDCCHJA  DCFCDBICA  EICBEDA 

Cucujus  clavipes .  CACBAAAA  FAD  BAABCA  CE  DBGA  CBE  CFDBA  BD6EDCHJA  DCDDCHACA  EBCDEFA 

Cuciijus  clavipis*  .  BAECABBA  CEA  BAABDA  DE  DBBA  CCI  CBLBA  BCHDCCMEA  DDFCDBADA  EQCDEDA 

flryzaephilus  surinaaensis*.  .  CAEBABAA  CDA  BAABDA  DE  DBBA  CDI  CBKBA  CCHDCCNQA  CCFCDNADA  EBCDDDA 
TiJepbaaus  ?pa Uidas*  ....  CAECABBA  CEA  BAABDA  DE  BGA  CCI  CBCBA  BCHDCCNQA  CDFCDBADA  EUCEDDA 

Cavogaatha  paUiaora .  CBCBAAAA  GAB  BAACCA  CB  BBGA  CBE  CBLBA  BDSECCHHA  BCFDCBACA  EHCDEFC 

dutderop/iagus  ociraceus*.  .  .  CAEBABAA  CEA  BAABDA  DE  DBGA  CDB  CBKBA  CCHDCDNQA  CDFBJBADA  EUADDDA 
Cryptopbagas  sagiaatas*  .  .  .  CAECABBA  OEA  BAABDA  DE  DBGA  CDB  CBKBA  CCHDCCNQA  DCF8JBADA  EUBDDFA 

Propaiticas  siaplex* .  CAECABAA  OEA  BAABDA  AA  BBGA  CCB  CBLBA  CCHDBCNQA  CCFCDBADA  ELCDEDA 

Laaiagtoaiaa  biaaabarrease.  .  CBBBAAAA  GAD  BAACCA  DB  BBBA  CBE  CDLBA  BCGECCHKA  BCFDCBACA  E  EFC 
Hydaobioides  pabesceas.  .  .  .  CBBCAAAA  DAD  BAACCA  CB  BBCA  CBE  CBEBA  CCGEDCHMA  CCFDCBAEA  EtlCCDFC 

Laagaria  aagastata *  .  CAEBABBA  OCA  BAABDA  DE  DBGA  CDB  CBEBA  CCHDBDNOA  DCFCBBADA  RKBDEDA 

begalodacae  graadipeaais.  .  .  CACBAAAC  GAD  BAABCA  DE  DDJA  CRI  CFDBA  CDGEDCHJA  DCGDCBKCA  ELCDAFA 

Tritoaa  aaicohr*  .  CAECABBA  HEA  CAABDA  DE  CBGA  CDB  CBDBA  CDHDBCNBA  DCECJAADA  ELCDADA 

Pbalacras  grossas  .  CAAAAAAA  HAD  CAABCA  AA  DBGA  CBE  CFDBA  BDGECBHRA  DCFDDHABA  ECBDEFA 

Acaiagaatbas  airabilis.  .  .  .  C8BAAABC  GAD  BBEBFA  DE  BBHI  BOL  BKGDF  CEGEHBPDF  CDFDPPACI  BNBBEFA 
Axioceryloa  cavicolle  ....  CBBAAABC  HAD  CBF8FA  DE  CBHI  BOL  BKGDF  BDBECBDDF  CCFDPPACA  BNBBEDA 

CautoMJ  sagereas . CCBAAABC  GAD  BBFBFA  DE  EBHI  BOL  BK6DF  BEGEHBDDF  DDDDPPACI  BNBBDFA 

Cerylcautoaus  floridessis  .  .  CBBAAABC  HAD  BBFBFA  CE  CBHI  BOL  BKGDF  BDGEHBDDF  CCFDPPACI  BNBBEFA 

Ceryloa  fa gi . CA  BAAAC  GAD  CAABCA  CE  CBGA  CBN  C  KBA  BEGEHCJKA  DDFDPHADA  EflCDEFA 

Lapecaatoaas  dybasi  .  CBBAAABC  HAD  BBFBFA  DE  CBHI  BOL  BKGDF  CEGEHBDDF  CDFDPPACI  BNBBEFA 

Heoglyptoides  jaaacieasis  .  .  CA  BAAAC  GAD  BAABCA  DE  CBCA  C  J  C  KBA  CDGEHBPSA  CDFDPCACA  EOCDEFA 
Plu'iotAeraiis  iicams*  ....  CCEBABBA  HEA  BBEBDA  DB  CBHI  BKB  BKGDF  BEKDBBADF  DDFCBBABI  BSCBEDA 

Artbrolips?*  sp . CAEAABBC  OEA  BAABDA  CE  AAAA  CDB  CBEBA  GBHCJDNQA  DCFCJBADA  RKCDEDA 

doplicaeaa  sallaei .  CBCBABBC  BAD  FBEBCB  AE  CA6I  CDE  BBDDF  CEGEHCJDF  CCFDPBBDI  AHCCEFA 

Biscoloaa  cassideaat .  CAEBABAA  CEA  BAABDA  DB  CBBA  CCE  CFEBA  CCGDBCPKA  DCFCBBADA  EQADEDA 

A»atik  qaiadeciapaactata.  .  .  CAABAAAC  GAD  CAABCA  DE  DBBA  CDB  CBEBA  CDGEDCHJA  DCFDDBACA  EBCDEFA' 
Cbilocaras  bivaherus*.  .  .  .  CAECABBC  NEA  CAABDA  DB  DBBA  CDB  CFPBA  BCHDBDNBA  DCECJAADA  EOCDEDA 
CocciaeJIa  septeapuactata  .  .  CACBAAAC  GAD  CAABCA  DB  CBBA  CBE  CBDBA  BCGEBCJKA  DDFDDBACA  EBCDEFA 
Ipilacbaa  varivestris  ....  CABBAAAC  GAD  CAABCA  DE  CBGA  CBI  CBLBA  BD6EDBHJA  DDFDDIACA  EABDEFA 


dicroeeisea  aisella* .  CAECABBA  HEA  CAABDA  DE  DBGA  CDI  CFBBA  CCHDBC06A  BDECBAACA  EBBDEDA 

E»doiyc)ms  cocciaeasl  ....  BAECABBC  CEA  BAABDA  DE  CBGA  CDB  CBHBA  BDHDBDNBA  DDFCBHADA  ELBDEDA 

Lycoperdiaa  sacziaata*.  .  .  .  CAECABAA  OEA  BAABDA  DB  DBGA  CDB  CDKBA  CDHDBDNBA  DCFCBBADA  ELBDEDA 

dycetaea  dirta*  .  CAECABBA  HEA  BAABDA  DB  DBGA  CDB  CBKBA  BEHDCDNBA  CDFCDCADA  ELBDEDA 

Cartodere  costalata * .  CAECABBC  CEA  BAABDA  DE  DB6A  CDI  CBEBA  BDHDBDN8A  DCECJAADA  ELCDEDA 

despirobaeaas*  sp . CAECAABC  HEA  BAABDA  AA  DBGA  CDI  CBJBA  BDHDCDNSA  DDFBJBAOA  ELCDEDA 

Sytaras  toaeaiosas*  .  CAECABBA  HEA  BAABDA  DE  CBBA  CDB  CBHBA  CDHDBDNBA  CDFCBFADA  EFCDEDA 

Aycetopbagas  paactatas.  .  .  .  CACBAAAA  GAB  BAABCA  DE  DBGA  CBI  CBEBA  BEGECBHJA  DDFDDBACA  EOBDEFA 

dycetophagas  paactatas*  .  .  .  CAEBABBC  CEA  BAACDA  DE  CBBA  CDJ  CBKBA  BEHDCDNBA  CDFCDHADA  EODDEDA 

Peatbe  obliqaata .  CACBAAAA  CAB  CAABCA  CB  CBCA  CB  CBDBA  BD6ECBJJA  DDFDCFACA  ELBOEFA 

Cis  boleti*  .  BAECABAA  HEA  BAACDA  OB  CBGA  CDI  CBEBA  BDHDJDNBA  CDFCJFADA  ENADEDA 

Maadrya  striata* . CAEBABBA  HEA  BAABDA  DB  DBGA  CDI  CBDBA  BEHDBDNQA  DCEDJAADA  ELCBDFA 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IK 

data 

651. 

COL 

Hordella  qaadripaactata  .  . 

.  CABBAAflC 

FAB 

CAABCA 

DB 

BB6A 

CB 

CBDBA 

BESEDBSHA 

CDEDDAABA 

EDBDEFA 

652. 

COL 

Toioxia  bideatata  . 

.  CACBAAAA 

CAB 

CAABCA 

DC 

CBJA 

CBI 

CBOBA 

CESEDBHJA 

CDFDCLABA 

EOBDEFA 

653. 

COL 

daemiagon  ferrungineu*.  . 

.  ECCBAAAA 

EAD 

CEABCB 

CE 

CBEA 

BBI 

CBLBA 

CSECBERI 

CCFDD  A  J 

KGCBEFC 

654. 

COL 

dacrosiagon  firruagiaeua*  . 

.  CAECAABC 

CEA 

CAABDA 

AA 

DBCA 

CDS 

COBBA 

BBHDCCBBA 

CBAAAAAAA 

ESBDFDA 

655. 

COL 

Xhipiphorus  diaidiatus.  .  . 

.  ECCBAAAA 

FAD 

CEABCB 

DE 

CS6A 

BBI 

CFDBA 

CC6ECBERI 

CDFDDCABJ 

K6C3EFB 

656. 

COL 

flhizostyiops  inguirendus*  . 

.  CAECAAAC 

CEA 

CAABDA 

AA 

DBCA 

CDS 

COBBA 

DCFDCBAAA 

CCEBJAADA 

ESADFDA 

657. 

COL 

Pteroqenius  aietaeri*  .  .  . 

.  CBEBABAA 

OEA 

BAACDA 

DE 

CC6A 

CRC 

CBNBA 

BDHDBDN6A 

DCFDDBACA 

ENCDDDA 

658. 

COL 

Ailoniun  tubercuiatui*.  .  . 

.  CAEBABBA 

OEA 

BAABDA 

DE 

CBEA 

CD  I 

CFEBA 

DEHDCDNBA 

CDFCJBADA 

ENCDEDA 

659. 

COL 

Syncbita  faJigiaosa*.  .  .  . 

.  CAEBABBC 

OEA 

BAABDA 

DE 

DBEA 

CD  I 

CBJBA 

CEHDCDNSA 

CDFCSHADA 

EL  EEDA 

660. 

COL 

flyporbagus  fexanus*  .... 

.  CAEBABBA 

OEA 

BAABDA 

DB 

DBBA 

CBI 

CBDBA 

BEHDCCNQA 

DCFCDBACA 

EZBDEDA 

661. 

COL 

Pbellopsis  obcordata*  .  .  . 

.  CAEBABBA 

OEA 

BAABDA 

DB 

CB6A 

CBI 

CBCBA 

BEHDBDNGA 

CDFCBBADA 

EYBDEDA 

662. 

COL 

Periaylops  antarcticus*  .  . 

.  CAEBABBA 

CEA 

BAABDA 

CE 

CBSA 

CCE 

CBLBA 

CCHDCD8HA 

DCFCDBAEA 

EUCD6DA 

663. 

COL 

Chalcodrya*  sp . 

.  CAEBABAA 

OEA 

BAACDA 

DB 

BBBA 

CEC 

CONBA 

CEHDCCNQA 

DDFCDHAEA 

E&CDEDA 

664. 

COL 

Alobates  pennsylvanica.  .  . 

.  CACBAAAA 

6AD 

BAABCA 

DB 

DB6A 

C  I 

CBEBA 

CD6EDBJKA 

DDFDCLACA 

EQCDDFA 

665. 

COL 

Aiobates  pannsylranica*  .  . 

.  CAECABBA 

OEA 

BAABDA 

DB 

D9MA 

CCI 

CBEBA 

BDHDBDNQA 

CDFCBHADA 

EVCDDDA 

666. 

COL 

Artbroaacra  aenea . 

.  CACBAAAA 

BAD 

BAABCA 

DC 

CBCA 

C  I 

CBEBA 

BD6EDCHJA 

DDFDCLACA 

EADODFA 

667. 

COL 

Holocepbala  ferragiae a*  .  . 

.  CAECABBA 

OCA 

BAABDA 

DB 

DBSA 

CBI 

CBEBA 

BDHDBDNQA 

DDEC3AADA 

EBCDDDA 

666. 

COL 

flyienorus  pilnsus* . 

.  CAEBABBA 

OCA 

BAABDA 

DC 

DBBA 

CBI 

CBEBA 

BDHDBCNQA 

DDFCBFAOA 

EKCDEDA 

669. 

COL 

derinus  laev is*  . 

.  CAEBAB  A 

0  A 

BAABDA 

D 

DBSA 

CBI 

CBEBA 

BCHDCCNSA 

CCFCDHADA 

EVCDDDA 

670. 

COL 

Piaelia  cepbalotes.  .... 

.  CACBAAAA 

FAD 

BAABCA 

DB 

CBSA 

CBN 

CBEBA 

BDSECBHJA 

DDFSDBACA 

EECDAFA 

671. 

COL 

Scotobates  calcaratus*.  .  . 

.  CAEBABBA 

OAA 

BAABDA 

DB 

DBSA 

CRI 

CBEBA 

COHDBCNSA 

CDECDAADA 

EVCDDDA 

672. 

COL 

Teaebrio  aoiitor . 

.  CACBAAAA 

FAD 

BAABCA 

DB 

DBSA 

CHI 

CBEBA 

BDSECCHJA 

DDFDDHACA 

EBCDOFA 

673. 

COL 

Tenebrio*  sp . 

.  CAEBABBA 

CCA 

BAABDA 

DB 

DB6A 

CBN 

CBEBA 

BDHDBCNQA 

CDFCBFACA 

EBCDDDA 

674. 

COL 

Cepbaiooa  Iepturides.  .  .  . 

.  CACBAAAA 

CAB 

BAABCA 

CB 

CBCA 

CD 

CFIBA 

BDSECCHJA 

CDBDCBJCA 

EADFEFA 

675. 

COL 

Epicauta  peaasylraaica.  .  . 

.  CACBAAAA 

CAD 

CAABCA 

DE 

DBSA 

CB 

CBIBA 

COSEOBJKA 

DDFOCBACA 

EACDEFA 

676. 

COL 

Epicauta  peaasylraaica*  .  . 

.  CAECABAA 

CCA 

BAABDA 

DE 

DBSA 

CB 

CFIBA 

BDHDJDDBA 

DDECJAADA 

EQCDEDA 

677. 

COL 

Leptopalpus  rostratus  .  .  . 

.  CCCBAAAA 

CAD 

CDABBA 

CB 

CSNA 

BJS 

CFEBA 

CDSELEKJJ 

DCFDBLABK 

K6CBEFA 

678. 

COL 

dacrobasis  inacuiata  .  .  . 

.  CACBAAAA 

CAB 

CAABCA 

DB 

DBCA 

CBE 

CBDBA 

CDSECBN8A 

DDFDCBACA 

EACDEFA 

679. 

COL 

beaogaatha  piezata . 

.  CCCBAAAA 

CAB 

CEABCA 

CB 

CBNA 

BAA 

CFEBA 

CDSECBEJI 

CDFDDIABJ 

K6CBEFA 

680. 

COL 

loaitis  biliaeata* . 

.  CAEBABAA 

CEA 

BAABDA 

DE 

DBBA 

CAI 

CFIBA 

BBHDCC06A 

DCECJAADA 

ESABFDA 

681. 

COL 

Calopus  angustus*  . 

.  CAECABBA 

OAA 

BAABDA 

DB 

DBSA 

CCI 

CBCBA 

BEHDBCNQA 

CDFCBHADA 

EZBDEDA 

682. 

COL 

Hacerdes  leianura*.  .... 

.  CAEBABAA 

OAA 

BAACDA 

CC 

C8BA 

CBC 

CBNBA 

CCHDEBOSA 

CDFCDBACA 

RKCDCDA 

683. 

COL 

Prostoais  aaadibuiaris*  .  . 

.  BAEBABAA 

OEA 

BAABDA 

DE 

CB6A 

CDI 

CBEBA 

BEHDCCNQA 

CDFCBFACA 

EUCEEDA 

664. 

COL 

Syachroa  punctata* . 

.  CAECABBA 

OEA 

BAABDA 

DB 

DBSA 

CD  I 

CBEBA 

BEHDCCNQA 

CDFCDHACA 

ENCDEDA 

685. 

COL 

Xycterus  curculioaides*  .  . 

.  CAEBABAA 

CEA 

BAABCA 

CE 

CBBA 

CDB 

CBEBA 

DCHDBCQHA 

CCFCDJHDA 

ENCDDDA 

686. 

COL 

Tricheatoaa  chiidreai*.  .  . 

.  CAEBABAA 

KAA 

BAABDA 

DE 

BAEA 

CBE 

CBEBA 

BCSDBCHCA 

CBFDBBADA 

E  DDDA 

687. 

COL 

Pytho  aaericaaus . 

.  CABBAAAA 

BAD 

BAABCA 

CE 

DBSA 

CDC 

CFIBA 

CDSECBHJA 

DDFDDLACA 

E  FA 

688. 

COL 

Pyiho  aiger* . 

.  CAECABBA 

OEA 

BAACDA 

DE 

DBSA 

CC 

CBEBA 

CEHDBCNQA 

CDFCDBADA 

EQCDDDA 

689. 

COL 

deopyrocbroa  feaaraiis*  .  . 

.  CAEBABBC 

CEA 

BAACDA 

DE 

DBSA 

CCI 

CBDBA 

CEHDCCNQA 

DDFCDBADA 

EEDDEFA 

690. 

COL 

Oihnius  ui brosus*  . 

.  CAEBABBA 

OEA 

CAABDA 

DE 

CBSA 

CCI 

CBEBA 

CEHDBDNQA 

CDFCBBADA 

EVCDDDA 

691. 

COL 

Aegialites  debilis*  .... 

.  CAECABBA 

OEA 

BAACDA 

DB 

DBBA 

CBI 

CBEBA 

CEHDBDNQA 

DDFCBHADA 

EQCDEDA 

692. 

COL 

Aathicus*  sp . 

.  CAEBABBA 

MCA 

BAACDA 

AA 

DB6A 

CBI 

CBLBA 

CEHDCCNQA 

DDFCDHADA 

EQCDEDA 

693. 

COL 

Hetoxus  calcaraius . 

.  CABBAAAC 

CAD 

CAABCA 

CB 

CBBA 

CBI 

CBDBA 

CB6EBBHJA 

DDFDCBACA 

EQCDEFA 

694. 

COL 

Scraptia  sericea*  . 

.  CAEBABAA 

OAA 

BAABDA 

DE 

DBSA 

CBI 

CFDBA 

BEHDBCNQA 

CDFCBBACA 

EVCEDDA 

695. 

COL 

Cyliene  robiaiae . 

.  CACCAAAA 

CAB 

CAABCA 

DE 

DBNA 

C  C 

CBBBA 

BDBEDCHJA 

EDDDDLACA 

EAADEFA 

696. 

COL 

Jastocerus  palliatus.  .  .  . 

.  CABBAAAA 

CAD 

CAABCA 

DE 

DBNA 

C  C 

CDLBA 

BESEDBHJA 

DDDDCLACA 

EKADEFA 

697. 

COL 

Leptara  sp . 

.  CABBAAAA 

CAD 

CAABCA 

DB 

DBNA 

C  C 

CBLBA 

BDSEDCHJA 

EDDDCLABA 

EHBOEFA 

698. 

COL 

donocbanus  titiliator.  .  . 

.  CABBAAAA 

CAD 

CAABCA 

DB 

DBNA 

C  C 

CBBBA 

BDSECBHJA 

EDDDDLABA 

RKBDEFA 

699. 

COL 

Oberea  tripunctata . 

.  CACBAAAA 

CAB 

CAABCA 

CB 

DBJA 

C  C 

CFBBA 

BDSECBHJA 

EDFDCHABA 

RKEADFA 
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700. 

CQL 

701. 

COL 

702. 

COL 

703. 

COL 

704. 

COL 

705. 

COL 

706. 

COL 

707. 

COL 

708. 

COL 

709. 

COL 

710. 

COL 

711. 

COL 

712. 

COL 

713. 

COL 

714. 

COL 

715. 

COL 

716. 

COL 

717. 

COL 

718. 

COL 

719. 

COL 

720. 

COL 

721. 

COL 

722. 

COL 

723. 

COL 

724. 

COL 

725. 

COL 

726. 

COL 

727. 

COL 

728. 

COL 

729. 

COL 

730. 

COL 

731. 

COL 

732. 

COL 

733. 

COL 

734. 

COL 

735. 

COL 

736. 

COL 

737. 

COL 

738. 

COL 

739. 

COL 

740. 

COL 

741. 

COL 

742. 

COL 

743. 

COL 

744. 

CQL 

745. 

STR 

746. 

STR 

747. 

STR 

flrtksoiai  sp . CAECABBC  BAA  BAABDA  DB  CBGA  CB  CDBBA  BDHDBDNQA  BDFCBBABA 

Majiui*  sp . BAECABBC  KAA  BAABDA  DC  DBGA  CB  CDBBA  BDHDBDD6A  DCFCBBACA 

Tetraopes  tetraoptklius.  .  .  CABCAAAA  CAB  CAABCA  DB  DBGA  CCE  CFBBA  BDGECBJKA  EDFDDHABA 

Bracks  discoideas .  CABBAAAC  FAB  EAABCA  DB  0B6A  CBE  CFCBA  BDGECBHJA  DDFDCKACA 

Bracks  pisorui* . AAEAABBC  MCA  BAABDA  DB  DBGA  CDA  CNBBA  GCHBJDNQA  DCBAAHAAA 

Atalasis  sagroides .  CABBAAAA  CAB  CAABCA  DE  DBGA  C  C  CFLBA  CEGECBHJA  DDDDDHACA 

Crioceris  asparagi*  .  CAEAABAA  HEA  CAABDA  DB  DBBA  CDE  CRDBA  BBHEJDNBA  DBEBJAADA 

Saierucella  Mriaaica  ....  CABBAAAA  FAD  BAABCA  DC  DBBA  CBC  CBHBA  CE6ECCJKA  DDFDDBADA 

Galerucella  xantkaelaena*.  .  CAEBABBC  MCA  CAABDA  DB  DBBA  CDE  CRDBA  CCHEJDNSA  DCFCJBADA 

His  pa  testa cea* . CAEBABBC  MEA  BAABDA  DB  DBGA  CDE  CRDBA  BBHCJDNBA  DCFCJBADA 

teptinoiarsa  deceilineata  .  .  CACBAAAC  CAD  CAABCA  DB  DBGA  CBE  CBEBA  BDGEDCHJA  DDFDCHACA 

Mejaierus  tingi  .  CABBAAAA  CAB  CAABCA  DE  DBNA  CBC  CBEBA  BE6EDBKLA  EDSDCHACA 

Phyllotreta  net oral* . CAEBABBA  MAA  CAABDA  DB  DBGA  CDE  CRDBA  BCHDJDMQA  DBBAABAAA 

Sphaeroderaa  tes taceua*  .  .  .  CAEBABBC  MCA  CAABDA  DE  DBGA  CDE  CRDBA  ACHCJDNQA  DCBAABAAA 

Zeujopkra  subspiaosa*.  .  .  .  CAEBABBC  QEA  BAABDA  OB  CBNA  CDE  CRDBA  BCHDBDNQA  DBBAAMAAA 

Oilier  is  attleboides . DCDDACAC  I AD  CAACFA  DE  CBBA  BBE  FFEBD  BDSECCJKD  DCFDDHACH 

Araecerus  fasciatus  .  CBBBAAAC  GAB  CAABCA  DC  DBGA  BAI  CBEBA  CD6EBCNBA  DCDDDHABA 

Araecerus  fasciatus* .  CAECABAA  AAA  CAABDA  DB  CB6A  CBI  CRDBA  CDECJDJPA  DCEBJAADA 

Euparius  aaraoreus .  CBBBAAAC  GAB  CAABCA  DE  DBGA  BAI  CBEBA  CDGECCJKA  DCDDDHABA 

Euparius  aarioreus*  .  CAEAABAA  AAA  CAABDA  DB  DB6A  CBI  CNDBA  CDGDJDJPA  DDEBJAADA 

Rkpalotria  glossoni .  DCDOACAA  HAB  CAACFA  CB  AAAA  BHE  FLOBD  BCHOBDNBD  CCEDDAADH 

dicer dy his  binotatus . DCDDAAAA  CAB  BAABCA  AA  AAAA  B  B  FLC  D  BBGEBDHJD  CCFDBBADH 

Proterbinas  aithracias*  .  .  .  CAEBABCC  MAA  BAABDA  DB  DBGA  CBC  CBDBA  CCHCCDNBA  DCFCDHADA 

Hbyncbites  aeiust  .  CAEBABBA  HEA  CAABDA  DB  DBGA  CBC  CBDBA  CCHDBDNBA  DDFCBHADA 

Rhyncbites  auratus .  DCDDACAA  GAD  CAACFA  DB  AAAA  BBH  FLDBD  BDGDJBHJD  CCFDBHADH 

Eupsaiis  theta . DCDDACAA  DAD  CAACFA  CB  AAAA  BBE  FRDBD  BCHDBCBHD  CCBAAHAAH 

Eupsaiis  aiouta* .  CAEBABBA  AAA  CAABDA  DE  DBGA  CBC  CBDBA  CDHCJDNBA  DDFCJBADA 

Apioo  strongylodontis  ....  DCDDACAA  GAB  CAACFA  CB  AAAA  BBE  FLDBD  BCHCBDN8D  CCFBJLADH 

Itbycerus  novaeboraceasis  .  .  CBDCAAAA  GAD  BAABCA  DE  AAAA  CBE  CDDBA  CDSDJDIMA  DCFDJHADA 

Calasdra  jraaaria  .  DCDDACAA  I AD  CAACFA  DB  AAAA  BDE  FLDBD  BCGBJDBJD  CCBAAHAAH 

Calandra  granaria* .  CAEBABBA  ACA  CAABDA  DB  DBGA  CBI  CBDBA  CDHCBDN8A  DCFCBHADA 

Caulopbilus  Iatiaasus  ....  DCDBACAC  IAB  CAABFA  CE  AAAA  BBE  FLOBD  BCHECDNBD  DCFCBHADH 

Cioaus  oleas* . CAECABBA  MEA  CAABDA  DC  DBGA  CBI  CBDBA  CCHBJDH8A  DDEBJAADA 

Cioaus  scrophulariae .  DCDDACAC  IAB  CAACFA  CB  AAAA  BBE  FLDBD  BCHDBDBHD  CCEDBAADH 

Cereal io  caryae  .  DDDDACAC  IAD  CAACFA  CE  AAAA  BBE  FLDBD  BCHDJDN6D  BCFCJLADH 

Deadroctoaus  valeas . CABCAAAC  IAD  CAACCA  AA  AAAA  BBC  FBDBD  BDHDBCN8D  CCFDBLACH 

Euaycteris  saccbaridis*  .  .  .  CAEAABBA  MCA  CAABDA  DB  DBGA  CBC  CNBBA  CCHCBDN8A  DCFCBBADA 

Ips  coaciaaus . CABCAAAC  IAD  CAACCA  AA  AAAA  BBC  FBDBD  BCHOBDNBD  CCEDFAADH 

Lixus  concaves . DCDDACAC  IAD  CAACFA  CE  AAAA  BBE  FLDBD  BCHDCBN8D  CCFDJBADH 

(loaoaycks  rulpeciilas  ....  DCDDACAC  IAD  CAACFA  DE  AAAA  BBC  FLDBD  BCHDCCN8D  CC6CJFCDH 

Pantoiorus  leucoioia .  CBBCACAA  IAD  CAACFA  DB  AAAA  BBC  FODBD  BCHD  CNBD  DCEDBAADH 

Pissodes  strobi  .  DCDDACAC  IAD  CAACFA  CE  AAAA  BBE  FLDBD  6DHDBD8KD  CCEDBAADA 

Platypus  australis . CABBALA  IAD  CAACCA  DB  AAAA  BBI  FBLBD  DCGDGDHKD  DCEDBAADH 

Rbyacbaenus  alni*  .  CAEAABBA  MCA  CAABDA  DB  DBGA  CBC  CBDBA  CCHCBDNBA  DCFBJBADA 

Scolytus  piceae  .......  CABCAAAA  IAB  CAACCA  CE  AAAA  BB  F8DBD  BDHDJDNQD  DCEDBAACH 

(teujeuiila  tberyi  .  BACAAAAA  JAC  CAABBA  DB  AAAA  CAA  CHS6A  BBFCCCAAA  DDFBDCADA 

Soxenos  laboalbenei  .  BAC  AAAA  GAB  CAABBA  DD  CEBA  CAA  CFBBA  AAFCCCAAA  DBAAAAAAA 


Eoxenos  laboalbenei*  Iialel  .  BAEAAAAF  MEA  FGABDA  AA  CBBA  DAA  AAAAA  BFCBDAAA  AAAAAAAAA 


RZCDDDA 

RZCDDDA 

EEADEFA 

ECADEFA 

RCADEDA 

EEBDEFA 

EEADEDA 

EEADEFA 

EEADEDA 

EPDDEDA 

EEBDEFA 

EEADEFA 

EPDDEDA 

EPDDEDA 

EPDDEDA 

RHADEFA 

ECCDEFA 

ECBDEDA 

ELADEFA 

EL3DEDA 

EBBDEFA 

RADDEFB 

EEBDEDA 

EFADEDA 

EDADEFA 

ELDDEFA 

RKADEDA 

EECDEFA 

RKCDEFA 

ECDDEFA 

ECCDEDA 

RBAEEFA 

RJBDGDA 

EEBDEFA 

RCADEFA 

RKBDEFA 

EEADEDA 

RKADEFA 

EABDEFA 

RCADEFA 

EECDEFA 

RKADEFA 

RLADEFA 

PEADEDA 

RKADEFA 

BXEAEFC 

BXEADFB 

SSABFDB 
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748. 

STR 

749. 

STR 

750. 

STR 

751. 

STR 

752. 

STR 

753. 

STR 

754. 

STR 

755. 

STR 

756. 

STR 

757. 

NEC 

758. 

NEC 

759. 

NEC 

760. 

NEC 

761. 

NEC 

762. 

NEC 

763. 

NEC 

764. 

NEC 

765. 

HEC 

766. 

NEC 

767. 

HEC 

768. 

NEC 

769. 

HEC 

770. 

NEC 

771. 

NEC 

772. 

NEC 

773. 

SIP 

774. 

SIP 

775. 

SIP 

776. 

SIP 

777. 

SIP 

778. 

SIP 

779. 

SIP 

780. 

SIP 

781. 

SIP 

782. 

SIP 

783. 

SIP 

784. 

SIP 

785. 

SIP 

786. 

SIP 

787. 

SIP 

788. 

SIP 

789. 

SIP 

790. 

SIP 

791. 

SIP 

792. 

SIP 

taxon  _ nouthpart  ■orphology  data _ 

I  II  III  IV  V  '  VI  VII  VIII  IX 

loxetos  laioaiieaei*  [feealel  AAAAAAAF  NEA  FfiABDA  AA  DBBA  DAA  AAAAA  AAFBCDAAA  AAAAAAAAA 


Callipharixeaos  au iri*.  .  .  .  CAEAAAAF  NEA  FAABDA  AA  CBBA  CAA  CHBBA  AAFCBDAAA  AAAAAAAAA 

dalictopbagus  philaroniae  .  .  BADAAAAA  JAC  CAABBA  DD  AAAA  CHN  CFBBA  AAFCCDAAA  DBAAAAAAA 

Haiictop/iajas  raozfiarae*  .  .  CAEAAAAF  JEA  FAABDA  AA  CBBA  CAA  CDDBA  AAFCBDAAA  AAAAAAAAA 

Elenchus  toebeli .  BACAAAAA  JAB  CAABBA  CD  DEBA  CHN  CHBBA  BBFCBCAAA  EBAAAAAAA 

Elenc/ms  koebeli *  .  CAEAAAAF  NEA  FAABDA  AA  DBBA  CAA  CDBBA  BBFCJDAAA  DBAAAAAAA 

Caeaocbolax  boberlaadti  .  .  .  BACAAAAA  JAC  CAABBA  DD  DEBA  CHN  CHBBA  CBFCCBAAA  EBAAAAAAA 

Sty  laps  pacifies . BACAAAAA  JAC  CAABBA  DD  DEBA  CBN  CHBBA  CCGCBBBBA  EBAAAAAAA 

Xenos  vesparua . BABAAAAA  JAC  CAABBA  DB  CBBA  CBN  CHBBA  BBFCBCAAA  EBAAAAAAA 

Iferope  taller . CBDAAAAA  CAB  CAABEA  CD  BEED  CBN  CfilBD  CBBFCBHJD  CDECNAADH 

Notioiliaaia  reedi  .  EBDCAAAA  CDB  CAABEA  CD  BEBD  CBN  CHIBD  DCBFCBHJD  CCECDAACH 

Cborist a  australis . CBDAAAAA  CDB  CAABEA  CB  CBBD  CBN  CBDBD  CCBFDCHJD  CCECDAADH 

Naanocliorista  dipteroides  •  .  CBBBAAAA  CDB  CFABEA  CD  BEEF  BJD  CAAAD  CCKFCBAIC  CCECKAAEE 

Apteropaaorpa  tasiaaica  .  •  .  ECDBAAAA  CAD  CAABEA  CB  DBBD  CBN  CQDBD  DCBFCEHJD  BCECPAADH 

Braebypaaorpa  carol iaeasis.  .  CBBCAAAA  CDD  CAABEA  CB  CBBD  CBN  C8DBD  CCBFCBSID  DCECDAADH 

Panorpa  coaiuaiM  .  CAEBABBA  OEA  CAABDA  CC  DBCA  CHC  CFLBA  BBGECCHJA  CDEDBAADA 

Panorpa  aaptialis  .  ECDCAAAA  CDB  CAABEA  BD  BEBD  CBN  CBDBD  DC6FCBIJD  BCECPAADH 

Paaorpodes  paradoxa  .  EBDCAAAA  CDB  CAABEA  CD  CECD  CBN  CBIBD  CCBFCBBJD  BCECDAACH 

Bittacas  pilictnis . ECDAAAAA  CDB  CAABEA  CD  BEED  CBN  CHDBD  DCSFCEBJD  BCECDAABH 

Bittacas  piiicorois* .  CAECABAA  OEA  CAABDA  DB  DBCA  CHC  CFEBA  GBHEBCQHA  DDECBAACA 

deobittacus  blaachiti  ....  ECDAAAAA  CDB  CAABEA  CD  BEED  CBN  CHDBD  DCGFCEBJD  BCECDAABH 

Apterobittacus  apterus.  .  .  .  EBDAAAAA  CDB  CAABEA  CD  BEED  CBN  CHDBD  DCBFBBHJD  CCECBAACH 

Apterokittacas  apteras*  .  .  .  CAECABAA  OEA  CAABDA  CC  DBCA  CHC  CFDBA  SCHDBDQHA  DCECBAADA 

Boreas  iraialis* . CAECA  BA  NEA  CAABDA  CB  CBNA  CHC  CBDBA  BCHDJDOBA  CBEBJAADA 

Boreas  airoriaadas .  ECDBAAAA  CDB  CAABEA  BD  CESD  CJN  CBDBD  CBSFCBBBD  CBECJAADH 


Aaotiopsylhs  sp . 

Hystricbopsyllus  gigas.  . 
Cleopsylla  tomsendi.  .  . 
Ctenidiosoxas  traubi.  .  . 
Ceratopftyllas  uickbaii*  . 
Cratyaius  crypticus  .  .  . 
Leptopsylla  pectiaiceps*. 
bosopsyllus  fasciatus*.  . 
flpisodasys  pseadarctoiys. 
Steraopsyila  distiacta.  . 
Balacopsyila  grossiveatris 
Ahopalopsyllus  lugubris  . 
Cteaacepkalides  can is  .  . 
CteoocepAaiides  ielis  .  . 
CteaocepAalides  ielis*.  . 
EcAidaopAapa  palliaacea  . 

Puiex  irritaas . 

Xeaopsyila  cAeopis.  .  .  . 
Xeaapsylla  cbeopis*  .  .  . 
Tuaga  peaetraas  . 


CCECAAAA 
CCECAAA6 
CDACAAA6 
CDACAAAB 
CAEBAABA 
CCECAAAA 
CAECAABA 
CAEBAABA 
CCECAAAA 
CDECAAAG 
CDECAAAA 
CCECAAAA 
CCECAAAB 
CCECAAAS 
CAEBAABA 
CCECAAAA 
CCECAAAA 
,  CCECAAAA 
,  CAEBABBA 
.  CDECAAAA 


PAA  CCDBFB  AE 
PCA  CCDBFB  AE 
PAA  CCDBFB  AE 
PAA  CCDBFB  AE 
BAA  BAABDA  AE 
PCA  CCDBFB  AE 
BAA  BAABDA  AE 
BAA  BAABDA  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
BAA  BAABDA  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
PCA  CCDBFB  AE 
BAA  BAABDA  AE 
PCA  CCDBFB  AE 


DOHA  AND 
DOHA  AND 
CDHA  AND 
CDHA  AND 
DBBA  CBC 
DOHA  AND 
DBBA  CBC 
DBBA  CBC 
DDHA  AND 
CDHA  AND 
CDHA  AND 
CDHA  AND 
CDHA  AND 
CDHA  AND 
CBBA  CBC 
DDHA  AND 
DDHA  AND 
DDHA  AND 
DBCA  CBC 
CDHA  AND 


AAAAA  EB6ECECES 
AAAAA  EBGECECES 
AAAAA  EBSECBCES 
AAAAA  EBBECECES 
CFDBA  BSBCCCBHA 
AAAAA  EBSECBCES 
CFDBA  BCHCCC06A 
CFDBA  BCHCCDOBA 
AAAAA  EBBECECES 
AAAAA  EBGECBCES 
AAAAA  EB6ECBCEB 
AAAAA  EBSECBCES 
AAAAA  EB6ECCCEB 
AAAAA  EBSECBCE6 
CFDBA  BCFBIDAAA 
AAAAA  EBGECBCES 
AAAAA  EB6ECECE6 
AAAAA  EBSECBCEG 
CFDBA  BCBCCDBNA 
AAAAA  EBGECBCES 


CCEDBAAFC 

CCEEOAAFC 

CCEEQAAFC 

CCEEBAAFC 

CCFBJFADA 

CCEEGAACC 

CCFBJFADA 

CCFBJFADA 

DCEEBAAFC 

CCEEBAAFC 

BCEE8AABC 

CCEEBAABC 

BCEEBAACC 

CCEEBAACC 

AAAAAAAAA 

DCEB8AACC 

CCEDBAABC 

CCEEBAABC 

BCFBJCADA 

CCEEBAABC 
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data 

SSABFDC 

SSABFDA 

BZEAEFC 

SSABEDB 

BZEAEFC 

S3ABEDC 

BZEAEFC 

BZEAEFC 

BZEAEFC 

TUCEDFA 
T  FA 
TBCDEFA 
JSCDEFA 
TBCDEFA 
TECDEFA 
ENCDSDA 
TNCDEFA 
TECDEFA 
TBCDEFA 
EBCDSDA 
TBCDEFA 
TBCDEFA 
EMCODDA 
EEBDDDA 
TEBDDFA 

BRABFFA 
BRABFFA 
BT  BFFC 
BT  BPFA 
EHAEFDA 
BRABFFA 
BRABFDA 
EHAEFDA 
BRBBFFA 
BRBBFFC 
BRBBFFC 
BR  BFFC 
BRABFFA 
BRABFFA 
EHAEFDA 
BRCBFFA 
BRC8FFA 
BRABFFA 
EHAEFDA 
BTCBFFC 
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793. 

DIP 

794. 

DIP 

795. 

DIP 

796. 

DIP 

797. 

DIP 

79B. 

DIP 

799. 

DIP 

800. 

DIP 

801. 

DIP 

802. 

DIP 

803. 

DIP 

804. 

DIP 

805. 

DIP 

806. 

DIP 

807. 

DIP 

BOB. 

DIP 

809. 

DIP 

810. 

DIP 

811. 

DIP 

812. 

DIP 

813. 

DIP 

814. 

DIP 

815. 

DIP 

816. 

DIP 

817. 

DIP 

81B. 

DIP 

819. 

DIP 

820. 

DIP 

821. 

DIP 

B22. 

DIP 

823. 

DIP 

B24. 

DIP 

825. 

DIP 

826. 

DIP 

827. 

DIP 

828. 

DIP 

829. 

DIP 

830. 

DIP 

831. 

DIP 

832. 

DIP 

833. 

DIP 

B34. 

DIP 

835. 

DIP 

836. 

DIP 

837. 

DIP 

838. 

DIP 

839. 

DIP 

840. 

DIP 

841. 

DIP 

taxon  _ eouthpart  eorpholoqy  data _ 

I  II  III  IV  V  VI  VII  VIII  IX 

TricAocera  6i»acalata  ....  CBCAAAAA  BOB  CFABFB  DB  CBEF  BHC  AAAAA  DCKFCEAJC  DCECKAAEE 

Trichocerat  sp . CAECABBH  MAA  BAABCA  CB  DBBA  CBC  CBLBA  6CHCJD0GA  DBBAAAAAA 

Dicrawiyia  sp . ECBDAAAA  CAB  CFABFB  BE  BDEF  BBE  AAAAA  CBKECEAPC  BCDCKIAEE 

Dicraoota*  sp . DAEBABBC  OAA  BAABCA  DB  DBBA  CBC  CFJBA  CCKBJD06A  DBBAABAAA 

Eriocera*  sp . DAEBABBC  OAA  BAABCA  BB  DBBA  CBC  CFBBA  CCFBBCAAA  AAAAAAAAA 

Erioptera  sp . CBBDAAAA  CAB  CFABFB  CE  BDEF  BBE  AAAAA  CBFECEAAC  DCDCKFAEE 

Ceraaoayia  rafescens.  ....  EDDDAAAA  CAB  CFABFB  BE  BDCF  BBE  AAAAA  D8KBBDAPC  BCDBBFAFA 

Holor usia  ruiignosat .  CAEBABBC  OCA  BAABCA  BB  CBJA  CBC  CFBBA  BCFBJDAAA  DBBAAAAAA 

Liaaopbila  sp . CBBDAAAA  CAB  CFABFB  CE  EF  BBE  AAAAA  CBKECEAPC  DCDCKFAEE 

Tiptria  livida* . CAEBABBC  OAA  BAABCA  BB  DBCA  CBC  CFDBA  SEHBJDQHfl  DBBAAAAAA 

Tipula  reesi . ECDDAAAA  CAB  CFABFB  BE  BDCF  BEE  AAAAA  DBFECEAAC  BCDCKAAEE 

Protoplasa  fitcbii .  ECCBAAAA  CAB  BFABFB  CB  BBCF  BEC  CHBAA  DBKFCEACC  CCECKAAEE 

Protoplasa  fitchii*  .  CAEBABBC  OCA  BAABCA  DE  DBGA  CBC  CBLBA  BCHBJDNSA  DBBAAAAAA 

Tasyderas  forcipatus .  CCBAAAAA  CAB  BFABFB  CB  BBDF  BEC  CHBAA  BBKFCEACC  BCECKAAEE 

Bittacoaorpha  clavipes.  .  .  .  CCBBAAAA  BAB  CFABFB  CB  CB  F  BHC  AAAAA  CBFFCEAAC  CBECKAAEE 
Si ttacoiorpha  clanpesi  .  .  .  CAEBABBC  MCA  BAABFA  CE  DBBA  CRN  CDLBA  6EHBJD8KA  CBEBJAADA 

Liriope  ha  is  .  CCBBAAAA  BAB  CFABFB  CB  CBEF  BHC  AAAAA  C8KFBEAPC  DBECKAAEE 

Ptychoptera  rufociacta.  .  .  .  CBCBAAAA  CAB  CFABFB  CB  CBBF  BHC  CMBAA  CBFFBEAAC  DBECKAAEE 

Ptychoptera  leaisi .  CAECABBC  MAA  BAABCA  DE  DBNA  CHK  CDLBA  BC6BJDIJA  DDBAALAAA 

lutzoayia  flariscutella  .  .  .  ECD  AAAA  CAB  CCFBFA  CB  EBFE  ABD  BIIDC  CBKFCEAEH  BCECKAAED 
Phlebotoaus  papatasii  ....  ECBBAAAA  CAB  CCFBFA  CB  EBIE  A6D  BIIDC  DCKFCEAEH  BCDCKBAED 

Psychoda  albipeaais  .  CBBAAAAA  DAB  CCEBFA  CE  BBIE  ABD  AAAAA  DBKECBAEH  BCECKAAED 

Psychoda  sexaacaiatat  ....  CAEBABBA  NCA  BAABCA  CB  CBNA  CF  AAAAA  CBDAAASHA  EBBAAAAAA 

Six  a  ciarata . CBBAAAAA  BAB  CCFBFA  CE  BBDE  ABD  BIBDC  DCKFCEAEH  BBDCKKAED 

Bixa  eacaiatat . CAEBABBA  OCA  BAABCA  AA  CBBA  CRK  CCLBA  CBHCCC8HA  CBBAAAAAA 

AastraioiocMonyx  aitidus*.  .  CAEBABBH  ECD  BAABCA  DE  CBNA  CRK  CBFBA  BBFDBDAAA  DCBAAHAAA 
Corethella  appeadiculata.  .  .  CCCBAAAA  NAB  CCFBFA  BB  EBDE  A6D  BIIDC  DBKFCBAEH  BBDCKLAED 
Cucorethra  anderwodi*.  .  .  .  CAEBABBH  NCD  BAABCA  AE  DBBA  C  N  CCFBA  6BHBJDBHA  DCBAAHAAA 

/lades  aegy pti  .  EDCBAAAA  EAB  CCFBFA  CE  EBDE  ASD  BIBDC  DBKECBAEH  BBDCKMAED 

Aedes  conanist . CAEBABBH  NCD  BAABCA  AE  DBNA  CRK  CCFBA  8BHBJDNBA  DBBAALAAA 

Anopheles  aaculipeaais.  .  .  .  EDBBAAAA  CAB  CCFBFA  CE  EBDE  ASD  BIIDC  BBKECEAEH  BBDCKBAED 
Anopheles  gaadriaacalatas*.  .  CAEBABBH  NCD  BAABCA  AE  CBNA  CBK  CCLBA  BCHBBDP6A  DBBAANAAA 

Anigeris  aalayit  .  CAEBABBH  NCD  BAABCA  AE  DBNA  CBG  CBDBA  BBHDBCLLA  DCBAALAAA 

Calex  pipieas  .  EDCBAAAA  EAB  CCFBFA  CE  EBDE  ABD  BIBDC  DBKDDCAEH  BBDCKMAED 

Celex  pipieas* . CAEBABBH  NCD  BAABCA  AE  DBNA  CRK  CBDBA  BBHBCDOHA  DCBAALAAA 

Culiseta  aaaulata  .  EDCBAAAA  EAB  CCFBFA  CE  EBDE  ASD  BIBDC  DCKDCBAEH  BBDCKMAED 

Culiseta  incide ns* .  CAEBABBH  NCD  BAABCA  AE  DBNA  CRK  CCFBA  BBKBJDQBA  BCBAALAAA 

latzia  haliiaxi* . CAEBABBH  NCD  BAABCA  AE  DBNA  CRK  CBDBA  BBHCBDLLA  DCBAALAAA 

Psorophora  ciliata .  EDBDAAAA  BAB  CCFBFA  CE  EBDE  ABD  BIIDC  DBKCCBAEH  BBDCKMAED 

Thaaialea  testaeea*  .  CAEBAABA  MCA  BAABBA  BE  BBNA  CHE  BBLBA  CBDAAANOA  DBBAAAAAA 

Caephia  dacotensis .  CBBBAAAA  DAB  CFABFA  CB  BBIE  ABM  CHBBC  CBKFCBARC  DCDCKBAED 

Crozeti a  crozeteasis*  ....  DAEBABAA  NAD  BAABCA  CE  BENA  CHC  CCFBA  AB6BBDIKA  DCBAAHAAA 

Eusiailim  lascvim  .  CBCBAAAA  DAB  CFBBFA  CB  CBEE  ABE  CHBBC  CBKECCARC  DCDCKNAED 

Parasiailin  stoaeit .  CAEBABAA  BCA  BAABBA  AE  DENA  CBK  BDFBA  BBHBJDSHA  DBBAAAAAA 

Siaulia*  daiaosaa  .  CBCCAAAA  DAB  CFFBFA  CE  BBIE  ASD  CHIDC  BCKFCEAEC  DCDCKCAED 

Siiuliai  eeoastme .  CAEBABAA  BEA  BAABBA  CE  DENA  CHC  B8LBA  BBBBBCHRA  DCBAAHAAA 

Atrichopopoa  paridus . CBBCAAAA  DCB  CCFBFA  CB  EBSE  ASD  CHIDC  ECKFCBAEH  DBECKAAED 

Colicoides  aabecalosas*  .  .  .  CAEBABBA  MCA  BAABCA  BE  CBBA  C8E  COBEA  BBBCJDBCA  CBAAAAAAA 
Culicoides  paiicaris .  CCBBAAAA  CCB  CCFBFA  CE  EBIE  ASD  CHIDC  CCKFCEAEH  BCDCKMAED 


dietary 

data 


J  FC 
EVCDDDA 
JSCAEFA 
EBCDBOA 
EBCDBDA 
JBCAEDA 
BACBEFC 
E*CCBDA 
JSCAEFA 
E&CEBDA 
JSCAEFA 
JXEAEFA 
EUCEBDA 
JXEAEFA 
JACBEFC 
E8CDBDA 
JACBEFC 
JACBEFC 
E&CDBDA 
ARCBFFB 
ARCBFFB 
AUCBEFA 
NtCCBDA 
ABCBEFA 
EeCCBDA 
L*CCBDA 
ARCBFFB 
EBCDBDA 
ARABFFB 
RiCCBDA 
ARCBFFB 
HtCCBDA 
HtCCBDA 
ARCBFFB 
HtCCBDA 
ARCBFFB 
MtCCBDA 
ESCDDDA 
ARCBFFB 
HtCCBDA 
TCGBFFB 
LtCCBDA 
TSCBFFB 
LtCCBDA 
URCBFFB 
LtCCBDA 
UflCBEFB 
PtCDODA 
URCBFFB 
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order 

taxon 

■outhoart  toroholoov  data 

dietary 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

» 

data 

842. 

DIP 

Bicrobezzi a  veausta  .... 

.  CBBBAAAA 

CCS 

CCFBFA 

CE 

BBIE 

ABD 

CHI  DC 

EBKFCBAEH 

DBDCKBAEO 

UQCBEFB 

843. 

DIP 

Scbizohelea  ieucopezia.  .  . 

.  CBB  AAAA 

DCB 

CCFBFA 

CB 

EBIE 

ABD 

CHIDC 

EBKFCBAEH 

DBDCKBAED 

U8CBEFB 

844. 

DIP 

Biihelaia  equina.  .  .  .  .  . 

.  CBBBAAAA 

DAB 

CCFBFA 

C3 

CBIE 

ABD 

CHIDC 

CBKFBEAEH 

DBDCKBAED 

UQCBEFB 

845. 

DIP 

Cbironoaus  plunosus*.  .  .  . 

.  CAEBABBA 

BEA 

BAABBA 

CE 

CBBA 

CFC 

BFIBA 

BBHCJDNBA 

DCBAAKAAA 

HVCDBDA 

846. 

DIP 

Blyptoteadipes  glaucus*  .  . 

.  CAEBABBA 

NEA 

BAABBA 

CE 

CBBA 

CFB 

BFLBA 

6BHBJDSHA 

DBBAAAAAA 

UCCBDA 

847. 

DIP 

Hacropeiopia  nebuiosa*.  .  . 

.  CAEBABBA 

NEA 

BCABBA 

CE 

DBBA 

CFE 

CFDBA 

BBHBJDBHA 

EBBAAAAAA 

EQCDBDA 

848. 

DIP 

Prodiaaesa  olivacea*.  .  .  . 

.  CAEBABBA 

NEA 

BCABBA 

CE 

DBSA 

CFC 

CFL8A 

CBHBJD6HA 

DBBAAAAAA 

H*CCBDA 

849. 

DIP 

Perissosona  fus cat  .... 

.  CAECABBA 

HAA 

BAABCA 

CB 

BBNA 

CRB 

CBLCA 

BBDAAA06A 

BBFCJBIDA 

60AEEDA 

850. 

DIP 

Pergratospes  holoptica *  .  . 

.  CAEBABBA 

MCA 

BAABBA 

CE 

DBSA 

CHC 

CBDBA 

BCHBJDNSA 

DBBAAAAAA 

EZCDEDA 

851. 

DIP 

Axtyia  berteszi* . 

.  CAEBABBA 

ACA 

BAABBA 

DB 

CBBA 

CDB 

CBJBA 

BBHCJDNBA 

DBBAAAAAA 

EZCDEDA 

852. 

DIP 

Anisopus  feaestralis.  .  .  . 

.CBBBAAAA 

CDB 

CFEBFB 

BE 

CBDF 

ABD 

AAAAA 

DBKFHBAEC 

CCDCKBAED 

B6CBEFC 

853. 

DIP 

fly  ce  toil  a  punctata . 

.  CBCCAAAA 

FDB 

CFEBFB 

CE 

CBDF 

A6D 

AAAAA 

EBKDHCAEC 

DBDCKBAED 

BICBEFA 

854. 

DIP 

Olbiogasier*  sp . 

.  CAECABBA 

HAA 

BAACBA 

BE 

CBIA 

CHS 

CODEA 

BCSBJDBJA 

CDDBJFADA 

PUCDDDA 

855. 

DIP 

Rbypbus  pnactatus  . 

.  CBCBAAAA 

DDB 

CFEBFB 

DE 

CBIF 

B6D 

AAAAA 

CCKFHBAEC 

CCDCKBAED 

BBCBEFA 

856. 

DIP 

Bibio  feioratus  . 

.  CBCBAAAA 

ODD 

CFABFB 

DE 

CBCF 

BEC 

AAAAA 

CBFFEBAAC 

CBDCKBAED 

JDCBEFB 

857. 

DIP 

Bibio*  sp . 

.  CAECABBA 

ACA 

BAABBA 

DE 

DBFA 

CCB 

CBLBA 

BDHCJDN6A 

CDBAACAAA 

EVCDDDA 

858. 

DIP 

Synneuron  decipieas*.  .  .  . 

.  CAECABBA 

HAA 

BAABCA 

AA 

AAAA 

CAA 

AAAAA 

AAFBJDAAA 

AAECAAADA 

SZCDEDA 

859. 

DIP 

Cliaodiplosis  ciiicrus*  .  . 

.  AAFEADBA 

OBA 

BAABFA 

CB 

CBEA 

CDC 

COIEA 

BBDAAAOBA 

DBBAAAAAA 

DVABEDA 

360. 

DIP 

Basyaeura  i Hi* . 

.  AAFEADBA 

OAA 

BAABFA 

CB 

CBBA 

CB 

COIEA 

BBHBADOBA 

DBBAAAAAA 

DVABEDA 

861. 

DIP 

Lestodiplosis  aiti*  .... 

.  AAFEADBA 

OBA 

BAABFA 

CB 

CBFA 

CBC 

COIEA 

CBDAAA06A 

CCBAAAAAA 

D86BEDA 

862. 

DIP 

Pbaeaobreaia  apbidiayza*.  . 

.  AAFEADBA 

OAA 

BACBFA 

CB 

CBEA 

ABE 

COIEA 

BBHBADOBA 

DBBAAAAAA 

D6BBE0A 

863. 

DIP 

Rbabdopbaga  strobiloides.  . 

.  CBBBAAAA 

DDB 

CFABBB 

CE 

BBEF 

B6E 

AAAAA 

ECFECBAAC 

DBDCK3AEE 

JYBBEFB 

864. 

DIP 

Sciara  varians . 

.  CBCAAAAA 

CDB 

CFABFB 

CE 

CBDF 

BBE 

AAAAA 

DBKDCCAPC 

DCECKAAEE 

JUCBDFB 

CO 

O' 

cn 

DIP 

Sciara*  sp . 

.  CAEBABBA 

BCA 

BAABBA 

CB 

DBCA 

CCB 

CCOBA 

CBDAAALLA 

DBBAAAAAA 

ENCDEDA 

866. 

DIP 

Epidapus  scabies*  . 

.  CAEBABBA 

HDA 

BAABBA 

CE 

CBCA 

CBC 

CCDBA 

BCHBJDLLA 

DBBAAAAAA 

EVADBDA 

867. 

DIP 

flycetopfiiia  divergent  .  .  . 

.  CBCAAAAA 

FCB 

CFABFB 

CB 

CBEF 

BBC 

AAAAA 

DBKECBABC 

CCECKAAEE 

JBCBEFB 

868. 

DIP 

Agatboa  sp . 

.  CCBCAAAA 

CDE 

CCFBFA 

BE 

BBEE 

ABD 

BIIDC 

CCKFCBAEH 

DCDCKHAED 

8ZEAEFA 

869. 

DIP 

Bibiocepbala  elegaatula  .  . 

.  EBBCAAAA 

CDE 

CCFBFA 

BE 

BBDE 

ABD 

BIIDC 

CCKFCBAEH 

CCECKAAED 

ARCBEFB 

870. 

DIP 

Edaardsiaa  sp . .  . 

.  CCCBAAAA 

CDE 

CCFBFA 

CE 

BBEE 

ABD 

BIIDC 

CCKFCBAEH 

CCDCKHAED 

ARCBEFB 

871. 

DIP 

Ziponeura  cinerascens  .  .  . 

.  CBBCAAAA 

COE 

CCFBFA 

CB 

EBDE 

ABD 

CIIDC 

CBKDCEAEH 

BCECKAAED 

UQCBEFB 

872. 

DIP 

Benteropblebia  iayoeasis*  . 

.  DAEBABBA 

CA 

BAABBA 

CE 

CBBA 

C  N 

BQFBA 

BBHBJDP6A 

AAAAAAAAA 

H*BCBDA 

873. 

DIP 

ffyipfioayia  alba . 

.  CBEBAAAA 

6CD 

BCABDA 

AE 

AAAA 

BAA 

AAAAA 

AAAAAAAAA 

ABEAJAADD 

QZEAEFC 

874. 

DIP 

Slut ops  rossi* . 

.  AAFEAOBH 

NAA 

CAABDA 

BE 

BBBA 

C  E 

CJBBB 

BBKBJDANB 

BCBAAAAAA 

DGCDBDA 

875. 

DIP 

Cbrysopihs  an  rates  .  .  .  . 

.  CBBCAAAA 

KDB 

CFCBBB 

CB 

BBBF 

ABE 

AAAAA 

DBKBBCAEC 

CBDCKHAEE 

BQBBEFC 

876. 

DIP 

Cbrysopihs*  sp . 

.  AAFEADBA 

OAA 

CAABFA 

CE 

BBEB 

CBC 

CEBEB 

CBHCJDPNB 

BCBAAAAAA 

DUCBDDA 

877. 

DIP 

Rbagio  scoiopaceus*  .  .  .  . 

.  AAFEADBA 

OAA 

CAABFA 

CE 

BBIB 

CRB 

CEBEB 

BBBCBCPNB 

BCEBBAADA 

D=CEDDA 

878. 

DIP 

Rbagio  rertebratus . 

.  CBBBAAAA 

KDB 

CFEBBB 

CE 

BBEE 

ABD 

AAAAA 

DBKBBCAEC 

DBECKAAEE 

A8CBEFB 

879. 

DIP 

Syipboroiyia  a tripes.  .  .  . 

.  CBBBAAAA 

KDB 

CFFBBB 

BE 

EBEE 

ABD 

CIBDC 

CCKCBCAEC 

DBDCKHAEE 

BRCBFFB 

830. 

DIP 

Veraileo  venileo . 

.  CBCCAAAA 

KDB 

CFCBBB 

BE 

BBBF 

ABE 

AAAAA 

CBKCCBAEC 

DBDCKKAEE 

BQCBFFB 

881. 

DIP 

Xylopbagus  abdoaiaalis*  .  . 

.  AAFEADAA 

ACA 

CAABFA 

BE 

CBBA 

CHK 

CEBEB 

CBKCCCANB 

BCBAAAAAA 

DQCDEDA 

882. 

DIP 

Cbloroayia  foraosa*  .  .  .  . 

.  AAFEBDBH 

HAA 

BAABFA 

BE 

CBNA 

CJK 

CEFBB 

EB6CJDIKB 

DBBAAHAAA 

UBCBDA 

833. 

DIP 

Heraetia  illuceas* . 

.  AAFEBDAH 

HCA 

BCABFA 

BE 

BBFA 

CJC 

AAAAA 

BBHBJDNBA 

BCBAAAAAA 

LUCEDFB 

834. 

DIP 

Odoatoayia  Iinbata*  .  .  .  . 

.  AAFEBDAH 

NCA 

CAABFA 

BE 

CBBA 

CJC 

CEFBB 

EBBBCCIKB 

CCBAAAAAA 

LVCEBDA 

885. 

DIP 

Jxycera  pygiaea* . 

.  AAFBEBDH 

NCA 

CAABFA 

BE 

BBBA 

CJC 

CEFBB 

EBBBCDIKB 

CCBAAAAAA 

LtBCBDA 

886. 

DIP 

Sargus  bipunctatus*  .  .  .  . 

.  AAFEBDAH 

HCA 

CAABFA 

BE 

CBBA 

CJC 

CEFBB 

EBSBCDIKB 

CCBAAAAAA 

LUCEDDA 

887. 

DIP 

Strationys  apicuiata.  .  .  . 

.  CBBCAAAA 

IDB 

CFCBBA 

CE 

ECCF 

ABC 

AAAAA 

BBKCCCADC 

DCECKAAEE 

JBCBEFB 

888. 

DIP 

Stratioays  cbaaaeleoa*.  .  . 

.  AAFEBDBH 

HCA 

BCABFA 

BE 

BENA 

CRC 

CEFBB 

EBBBBCIKB 

CCBAAAAAA 

LUCDBDA 

889. 

DIP 

Cbrysops  riitatns  . 

.  CCBBAAAA 

CDB 

CCEBBA 

CE 

EBFE 

ABl 

CHIDC 

CBBCCCBEH 

CBECKAAED 

URCBFFB 

890. 

DIP 

Corizoaenra  loagirostris.  . 

.  EDCBAAAA 

KDB 

BCEBBA 

BE 

EBEE 

A6D 

CIIDC 

DBBCCCEEH 

CBECKAAED 

ARCBEFB 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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891.  DIP  flaeiatopota  plavialis  ....  CBBBAAAA  KAB  CFFBFA  CE  EBIE  ASD  CHIDC  DCGCCCBEC  CBECKAAEE  URCBEFB 
89’.  DIP  Tabaaas  atratas* .  AAFEADBH  HAA  CAABDA  BE  BBDA  C  C  CJBBB  CBKBCDANB  BCBAAAAAA  DBCD6DA 

893.  DIP  Tabaaus  giganteus  .  CCBBAAAA  KAB  CFFBBA  CE  EBIE  ASD  CHIDC  CCECCCBEC  CCECKAAED  URCBFFB 

894.  DIP  Pantopbtbalias  coiptus ,  .  .  .  CBCCAAAA  BDB  CFABBA  CE  AAAA  BBE  AAAAA  BBJCCBAAC  CCECKAAEE  QXEAEFB 

895.  DIP  deorbyacbocepbalas  saipburaas*AAFEADBA  AAA  BAABFA  BE  BEEA  CMC  COHEA  8BFBJDAAA  CBBAAAAAA  DSABFDA 

896.  DIP  Lasia  sp . EDCCAAAA  CDB  CCCBBA  CE  EBDF  AHE  AAAAA  DBKBJDAIH  BCECLAACD  IGCBEFB 

897  DIP  flgcodes  costatus . CACCAAAA  KDB  CCABBA  CE  AAAA  DBA  AAAAA  AAAAAAAAA  AAAAAAAAA  BZEAEFB 

898.  DIP  Dioctria  allius  .  CCCCAAAB  CDB  BCBBFA  CE  BBEE  A6E  AAAAA  DBKCBCAIH  DCDCBHACD  ABCBEFB 

899.  DIP  taphria*  sp . AAFEADBA  HAA  CAABFA  DE  BBDA  CBC  CFBEB  BCSCCCBBB  EBBAAAAAA  DBCCEDA 

900.  DIP  dacbiaus  atricapiilas  ....  CCBCAAAB  KDB  BCBBFA  CE  CBEF  ABE  AAAAA  DBKB6CAIH  DCDCBHACD  ABCBEFC 

901.  DIP  Proctacantbas  sp.  ......  CCBCAAAB  KDB  BCBBFA  E  BBDF  ABE  AAAAA  CBKBGCAIC  CCDC8BACE  ABCBEFB 

902.  DIP  Proaacbas  rertebratas  ....  CCBCAAAB  KDB  BCBBFA  CE  BBDF  ABE  AAAAA  DBKBGCAIH  CCDCBKACD  ABBBEFB 

903.  DIP  Proiacbas  oertebratas*.  .  .  .  AAFEADAA  HAA  BAABFA  CE  BBDA  CHE  CFBEB  8BKBJDAHB  CBBAAAAAA  EBBD6DA 

904.  DIP  dydas  davatus . CBCBAAAA  GBB  CFEBBA  CE  BCCF  ABD  AAAAA  DBKBJDAEC  DCECKAAEE  UBCDEFB 

905.  DIP  dydas  ciaratas*  .  AAFEADBA  AAA  BAABFA  BE  BBBA  C  C  CJBEB  BBKBJDALB  CCBAAAAAA  DBCDDDA 

906.  DIP  Psilocephala  tiaeMorrhoidalis,  CBBBAAAA  KDB  CFEBBB  BE  BBEF  ABD  AAAAA  BBKBCCAEC  CCECKAAEE  J6CBEFC 

907.  DIP  Tberera  furcata* .  AAFEADBA  HAA  BAABFA  BE  BBEA  CHE  CFBEB  BB6BJDJNB  CCFBOBADA  EBBDSDA 

908.  DIP  Scesopitus  feiestralis.  .  .  .  CBCBAAAA  CDB  CFCBBB  CE  CBBF  ABE  AAAAA  CBKBCCADC  DBECKAAEE  J  EFB 

909.  DIP  Exoprosopa  fasciata  .  EDBBAAAA  KDB  BCCBBA  CE  EBDF  AGE  AAAAA  C8KBGEAEH  BCDC8HACK  BGCBEFB 

910.  DIP  Toxophora  virgata  .  EDCBAAAA  KDB  BCCBBA  CE  EBDF  ABE  AAAAA  DBKBGBAEH  BCDCBHACK  BGCBEFB 

911.  DIP  Apiocera  aaritiaa* .  AAFEADBA  HAA  CCABFA  AA  EBDA  CBC  CFBEB  BBKCJDARB  BCBAAAAAA  UQCDGDA 

912.  DIP  Etpis  livid . ECBBAAAA  KDB  CCCBBA  CE  EB  F  AGE  AAAAA  DBKBCBAEC  BCDCBHACD  ABCBEFB 

913.  DIP  deaerodroiia*  sp . AAFEADBA  HAA  BAABFA  BE  EBDA  CRE  CFBEA  AAGCCCJNA  BBBAAAAAA  DBCDBDA 

914.  DIP  Dolicbopus  bifractus .  CBCBAAAA  LDB  CFBBBA  CE  CBIF  AED  AAAAA  DBFBDDAAC  CBECKAAEE  BBCBEFB 

915.  DIP  dolichopus  raaifer*  .  AAFEADBA  HAA  BAABFA  CD  BBEA  CHE  CFBEB  BBKCJDARB  CBBAAAAAA  DBBBEDA 

916.  DIP  dedeterea*  sp . AAFEADBA  HAA  BAABFA  DD  BBEA  CRE  CFBDB  CBKBJDANB  CBBAAAAAA  DBBDEDA 

917.  DIP  deianderia  aandibuiata.  .  .' .  CACBAAAA  LDD  CAABCA  CB  DBBA  CEG  AAAAA  BBFBGDAAH  DCEC  AADA  EBCBEFC 

918.  DIP  Systems  aibiiaoas* . AAFEADBA  HCA  BAABFA  DD  BBEA  CCH  CFBEB  AAKBJDANB  CBBAAAAAA  DBADCDA 

919.  DIP  Loncboptera  iatea  .  CCBAAAAA  LDD  CFABBB  AE  CBEF  BBE  AAAAA  AAKBDBADC  CBDCKHAEE  JGCBEFB 

920.  DIP  Platypeza  xeiatina .  CBCCAAAA  LDB  CFABBB  CE  CBBF  BBE  AAAAA  DBFBDDAAC  CBECKAAEE  JUCBEFB 

921.  DIP  Iroxotyia  nigroiacaiata  ■  .  •  CCB  AAAA  LDB  CFEBBB  DE  BCEF  AGD  AAAAA  CBKBDDAEC  CCECKAAEE  A  EFB 

922.  DIP  Sciadocera  ratoiacuiata*.  .  .  AAFEAABA  HAD  BAABFA  AA  CBEA  CHG  COBEA  AAHBJDLLA  BBBAAAAAA  DWCDDDA 

923.  DIP  Itegaselia  agarici  .  CBCBAAAA  LDD  CCHBBB  DE  CBDF  BBE  AAAAA  CBFBFCAAC  CCDCLHAED  JUCBEFB 

924.  DIP  Pbora  cur  vinery is . CBC  AAAA  LDB  CCHBBB  CE  CBIF  BEE  AAAAA  BBFBDCAAC  CCECLAAEB  JUCBEFC 

925.  DIP  Eristalis  arbastora* .  CCBBAAAA  LDB  CFBBBB  DE  ECIF  AGK  AAAAA  CBKBBBAIC  BCECKAACE  KGBBEFC 

926.  DIP  Eristalis  teoax* .  AAFEAABA  HAA  BAABFA  AD  AEFA  CAE  C  FBA  AAFBJDAAA  DDBAAAAAA  LiCCBDA 

927.  DIP  Euaerus  strigatas*.  .....  AAFEADBA  HAA  BAABFA  AE  AE  A  CRA  C  FBA  AAFBJDAAA  DDBAAAAAA  LVACGDA 

928.  DIP  dyatbropea  floreat .  AAFEADBA  HAA  BAABFA  CE  AE  A  CAA  C  FBA  AAFBJDAAA  DDBAAAAAA  LVACBDA 

929.  DIP  dhiagia  nasica . ECCBAAAA  LDD  CFABFB  E  ECIK  DHF  AAAAA  DBKCBEAIC  BCECBAACE  KHBCEFB 

930.  DIP  Pipunculus  ciagaiatas  ....  CBCBAAAA  LDB  CFABBB  BE  CBBF  BBE  AAAAA  DBFBOBAAC  CBECKAAEE  J6CBEFB 

931.  DIP  Conops  bracbyrbyncbus  ....  EDBBAAAA  KAB  CFABFB  BE  ECDF  BBE  AAAAA  DBBAAAABC  BCECKAAEE  JGCBEFA 

932.  DIP  Eaaresta  aeguaiis  .  CCBBAAAA  LDB  CFABFB  BE  BCBF  BBE  AAAAA  DBKBCCAAC  CCECKAAEE  JVCBEFA 

933.  DIP  Toxotrypana  curvicauda*  •  .  .  AAGEADBA  HAA  CHCBBB  CE  CBBA  AHA  CJBDB  AAFBJDAAB  DBBAAAAAA  DFBEEDA 

934.  DIP  Pbysipbora  deiandata . CCBCAAAA  LDB  CFABFB  CE  BCBF  ABE  AAAAA  DDKBCCAAC  CCECKAAEE  JUCBEFA 

935.  DIP  Tritoxa  incurvat .  AAFEADBA  HAA  CHCBBB  BE  BBEA  AHA  CJBDB  AAFBJDAAB  DBBAAAAAA  DJAEEDA 

936.  DIP  Eaietopia  rafipes* .  AAFEADBA  HAA  CHCBBB  BE  BBBA  AHA  CJBDB  AAAAAAAAA  DBBAAAAAA  DCAEEDA 

937.  DIP  Platysoia  seiinatioais.  .  .  .  CCBCAAAA  LDB  CFABFB  CCEF  BBE  AAAAA  DBKBDDAAC  CCECKAAEE  JUCBEFA 

938.  DIP  Ozaeoina  diverse . DCCBAAAA  LDB  CFABFB  BE  F  BBE  AAAAA  D  KBCCAAC  CCECKAAEE  JUCBEFA 

939.  DIP  Palloptera  saita*  .  CCBCAAAA  LDB  CFABFB  BCDF  BBE  AAAAA  DBKBCCAIC  CCECKAAEE  JUCBEFA 
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940.  DIP  Piophili  casei* . AAFEADBA  NAA 

941.  DIP  Heottiophilua  praeustut*.  .  .  AAFEADB6  NAA 

942.  DIP  Loach aea  chorea * . AAFEADBA  AAA 

943.  DIP  Cypseiosoea  austral  is*.  .  .  .  AAFEADBA  NAA 

944.  DIP  Pseudopoayza  atriaana  ....  CCBCAAAA  LOB 

945.  DIP  Slyphidops  filosus . COB  AAAA  KDB 

946.  DIP  Coapsobata  univitia . CCCCAAAA  LDD 

947.  DIP  Mothybus  loapithorax . CCBCAAAA  LDB 

948.  DIP  Spbyracepbaia  hrevicorais  .  .  BCBCAAAA  LDC 

949.  DIP  Te/eopsi's  bigoti . BC8BAAAA  LDC 

950.  DIP  Taaypeza  iongiaana*  .....  AAFEADBA  NAA 

951.  DIP  Loxocera  pectoral i?  .  CCCBAAAA  LDB 

952.  DIP  Dr yoayza  anal  is* . AAFEADBA  AAA 

953.  DIP  Coieopa  vanduzeii  .  CCBCAAAA  LDB 

954.  DIP  7etanocera  pltnosa . CCBCAAAA  LDB 

955.  DIP  leucopis  verticalis* . AAFEADBA  OAA 

956.  DIP  Ochthiphila  juacorua . CCCBAAAA  LDD 

957.  DIP  Ropaloaera  pleuropunctaia  .  .  CCBBAAAA  LDB 

958.  DIP  Sepsis  violacea  .  CCCCAAAA  LDB 

959.  DIP  Saproiyza  vulgaris . CCBCAAAA  LDB 

960.  DIP  Spaaiocelypbus  scutatus  .  .  .  CCB  AAAA  LDB 

961.  DIP  Opoayza  florui . CCB  AAAA  LDB 

962.  DIP  Opoayza  geraationis* . AAFEADBA  NAA 

963.  DIP  Clusiodies  convergens  ....  CCBCAAAA  LDB 

964.  DIP  Heoalticoaerus  seaaansii*  .  .  AAFEADBA  NAA 

965.  DIP  Agroayza  sp . CCCCAAAA  LDB 

966.  DIP  Fergusonia  tillyardi*  .  AAFEADBC  NAA 

967.  DIP  Feriscelis  aaaulipes  ....  CCCCAAAA  LDB 

968.  DIP  Seurocbaeta  inverse . CBCBAAAA  LDB 

969.  DIP  Auiacigaster  ieucopeza*  .  .  .  AAFEADBC  OAA 

970.  DIP  Asteia  concinaa  .  CCCCAAAA  LDB 

971.  DIP  Mhoayza  gracilis . CCCBAAAA  LDB 

972.  DIP  drosophila  aelaaogaster  .  .  .  CCBBAAAA  LDD 

973.  DIP  Kystaciaobia  zelaadica.  .  .  .  CBDBAEAA  LAD 

974.  DIP  Caailla  glabra . CCBBAAAA  LDD 

975.  DIP  dichaeta  caudata . CCB  AAAA  LDD 

976.  DIP  Schthera  aantis  .  CCBCAAAA  LDD 

977.  DIP  Diastata  nebuiosa  .  CCCBAAAA  LDB 

978.  DIP  Curtonotua  anus  .  CCCBAAAA  LDB 

979.  DIP  Cbiorops  taeniopus . CCBAAAAA  LCB 

980.  DIP  7bauaatoayia  glabra  .  CCBCAAAA  LDB 

961.  DIP  Desaoaetopa  Iatipss  .  CCBCAAAA  LOB 

982.  DIP  Reoaeconeurites  chileasis  .  .  CCBBAEAA  LDB 

983.  DIP  Tethinia  illota . CCB  AAAA  LDB 

984.  DIP  Canace  aacateei* . AAFEADBA  NAA 

985.  DIP  Scatopbaga  furcata . CCBBAAAA  LDB 

986.  DIP  Scopeuaa  stercoraria . CBBBAAAA  LDB 

987.  DIP  Ooraoaoayia  hirsuta * . AAFEADBA  NAA 

988.  DIP  Gasieropbiius  intesfinaiis.  .  CBBBAAAA  LDD 
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Ill 

IV 

V 

VI 

VII 

VIII 

II 

data 

CHCBBB 

AA 

BBBA 

AHA 

CJBDB 

AAFBJDAAB 

CDBAALAAA 

DHCEFOA 

CHCBBB 

BE 

CBBA 

ANA 

CJBDB 

AAFBJDAAB 

OCBAAAAAA 

DHCEFDA 

BAABFA 

BE 

AE  A 

CHA 

COBEA 

AAFCJDAAA 

CBBAAAAAA 

BUCEDDA 

BHCBBB 

BE 

BBFA 

AHA 

CJBDB 

AAFBJDAAB 

DBBAAAAAA 

DIABDDA 

CFABFB 

BE 

BCBF 

BSE 

AAAAA 

DBFBDCAAC 

CCECKAAEE 

J  BEFA 

CCABFA 

BE 

ECEF 

BSE 

AAAAA 

DBKBCCAIC 

CCECKAAEE 

CFBBEFA 

CFABFB 

CE 

BCNF 

BSE 

AAAAA 

OBKBDCARC 

CCECKAAEE 

CSCBEFA 

CFABFB 

CE 

BCDF 

BSC 

AAAAA 

DCFBCBAAC 

CECKAAEE 

JS  BEFC 

CFABFB 

AE 

CCEF 

BSE 

AAAAA 

CDKBCCARH 

CCECKAAEE 

JEBBEFA 

CFABFB 

CE 

BBEF 

BN 

AAAAA 

CCKBCCARC 

CCECKAAEE 

JGCBEFC 

BAABFA 

AA 

AAAA 

CHA 

COBEA 

AAFBJDAAA 

DBBAAAAAA 

DVCDEDA 

CFABFB 

CE 

BCEF 

BSC 

AAAAA 

DBKBCCABC 

CCECKAAEE 

JQ  8EFB 

BHCBBB 

AAA 

ANA 

CJBEB 

AAFBJDAAB 

DBBAAAAAA 

DICEDOA 

CFABFB 

CE 

CCEF 

BSE 

AAAAA 

DDKBGCABC 

CCECKAAEE 

JEBBEFA 

CFABFB 

CE 

BCEF 

BSE 

AAAAA 

DDXBCBABC 

CCECKAAEE 

JUCBEFA 

BAABFA 

AA 

AAAA 

CHA 

COBEA 

AAFBJDAAA 

AAAAAAAAA 

DSADEDA 

CFABFB 

E 

BCCF 

BSE 

AAAAA 

DBKBCCABC 

DCECKAAEE 

JGCBEFB 

CFABFB 

CE 

BCDF 

BSE 

AAAAA 

DBKBDDAIC 

CCECKAAEE 

JGABEFA 

CFABFB 

CE 

BCEF 

BSE 

AAAAA 

CCKBIDABC 

CCECKAAEE 

JICBEFA 

CFABFB 

CE 

BCEF 

BSE 

AAAAA 

DDKBDBARC 

CCECKAAEE 

JG  BEFA 

CFABFB 

CE 

BCEF 

B6 

AAAAA 

DDKBDBARC 

CCECKAAEE 

J  FB 

CFABFB 

CE 

BCEF 

BSE 

AAAAA 

CBKBCBAIC 

CCECKAAEE 

BBBEFA 

BHCBBB 

CE 

BBFA 

AHA 

CJBEB 

AAFBJDAAB 

DBFBJAADA 

DABDEDA 

CFABFB 

CE 

CCBF 

BSE 

AAAAA 

DCKBCCAAC 

CCECKAAEE 

JZCBEFA 

CHCBBB 

BE 

BBBA 

ANA 

CJBEB 

AAFCJDAAB 

DCBAAAAAA 

DUCBEOA 

CFABFB 

CE 

BCEF 

BSE 

AAAAA 

DBKBCCARC 

CCECKAAEE 

JGCEEFA 

CHCBBB 

BE 

BBFA 

ANA 

CJPEB 

AAFBJDAAB 

DBBAAAAAA 

DIAEEDA 

CFABFB 

BE 

BBBF 

BSE 

AAAAA 

DBKBCCAIC 

8CECKAAEE 

JICBEFC 

CFABBB 

CE 

DBSF 

BSE 

AAAAA 

CBFBDCAAC 

CCECKAAEE 

J6ABEFA 

BHCBBB 

BE 

DBDA 

AHA 

CJJEB 

AAFCJDAAB 

DCBAAAAAA 

DICBEDA 

CFABFB 

CE 

CBBF 

BSE 

AAAAA 

DBFBDCAAC 

CCECKAAEE 

Jt  BEFB 

CFABFB 

BCEF 

3  E 

AAAAA 

DBKBCBAIC 

CCECKAAEE 

JBBBEFA 

CFABFB 

CE 

BCDF 

BSE 

AAAAA 

DBKBDCABC 

CCECKAAEE 

JVCBEFB 

CFABFB 

DB 

BCBF 

BSE 

AAAAA 

AAFCDCAAA 

CCECKAAEE 

JXABFFC 

CFABFB 

CE 

BCBF 

BBI 

AAAAA 

DBFBDCAAC 

CCECKAAEE 

CVCBEFB 

CFABFB 

CE 

BCCF 

BSE 

AAAAA 

0BKB6CABC 

CCECKAAEE 

JSCBCFB 

CFABFB 

CE 

BCEF 

BSC 

AAAAA 

DBK8BBA8C 

CCECKAAEE 

JSCBCFB 

CFABFB 

BE 

BCBF 

BSE 

AAAAA 

CBKBDCAIC 

DCECKAAEE 

J  BEFA 

CFABFB 

CE 

CBBF 

BSE 

AAAAA 

CBKBDCAIC 

CCECKAAEE 

JU  BFFB 

CFABFB 

BE 

CCCF 

BSE 

AAAAA 

DBKBCCAIC 

CCECKAAEE 

JBBBEFA 

CFABFB 

CE 

CCBF 

BBE 

AAAAA 

DBKBDBARC 

CCECKAAEE 

J8CBEFA 

CFABFB 

CE 

BCBF 

BSE 

AAAAA 

DCKBDCAAC 

CCECKAACE 

JSCBFFA 

CFABFB 

CE 

EBDF 

BSE 

AAAAA 

DBFBDBAAC 

EAECKAABE 

JPCBEFA 

CFABFB 

CE 

BC  F 

BSE 

AAAAA 

CCKBCBAIC 

CCECKAAEE 

JACBEFA 

CHCBBB 

BE 

BBBA 

ANA 

CJBEB 

AAFBJDAAB 

DDBAAAAAA 

D*CCGDA 

CCHBFB 

CE 

BCBF 

BSE 

AAAAA 

DCFBDBAAC 

CCECLAAEO 

CSBBEFB 

CCHBFB 

CE 

ECEF 

BSE 

AAAAA 

DBFBCBAAC 

CCECLAAEO 

C8BBEFB 

CHCBFB 

AA 

AAAA 

AHA 

CJBEA 

AAFBJDAAB 

AAAAAAAAA 

PICEDDA 

CFABAA 

AA 

AAAA 

BAA 

AAAAA 

AAAAAAAAA 

DBEBJAAAA 

SIEAFFA 
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989. 

DIP 

990. 

DIP 

991. 

DIP 

992. 

DIP 

993. 

DIP 

994. 

DIP 

995. 

DIP 

996. 

DIP 

997. 

DIP 

99B. 

DIP 

999. 

DIP 

1000. 

DIP 

1001. 

DIP 

1002. 

DIP 

1003. 

DIP 

1004. 

DIP 

1005. 

DIP 

1006. 

DIP 

1007. 

DIP 

1006. 

DIP 

1009. 

DIP 

1010. 

DIP 

1011. 

DIP 

1012. 

DIP 

1013. 

DIP 

1014. 

DIP 

1015. 

DIP 

1016. 

DIP 

1017. 

DIP 

1018. 

DIP 

1019. 

DIP 

1020. 

DIP 

1021. 

DIP 

1022. 

DIP 

1023. 

DIP 

1024. 

DIP 

1025. 

DIP 

1026. 

DIP 

1027. 

DIP 

1028. 

DIP 

1029. 

TRI 

1030. 

TRI 

1031. 

TRI 

1032. 

TRI 

1033. 

TRI 

1034. 

TRI 

1035. 

TRI 

1036. 

TRI 

taxon  _ eouthpart  lorpholoqy  data _ 

I  II  III  IV  V  VI  VII  VIII  II 

Sasterophilus  aasalis*.  .  .  .  AAFEADBA  HAA  CHCBFB  CE  CBJA  ADA  CJBEB  AAFBJDAAB  BBBAA  AAA 

Aatlioayza  radicu* . CCBBAAAA  LDB  CCHBFB  BE  EEEF  BQE  AAAAA  D  FBBBAAC  BCECLAAEO 

Hydrotaea  deatipes .  CCBBAAAA  LDB  CCHBFB  CE  BCEF  Bfl  AAAAA  DDFBGCAAC  CCECLAAEO 

Hyhaya  alcattioe* . AAFEADBA  HAA  BHCBFB  AA  AAAA  AHA  CJBEB  AAFB6CAAB  AAAAAAAAA 

Fannia  scalaris . CCCBAAAA  LDB  CCHBFB  CE  BCDF  BQE  AAAAA  CBFBDCAAC  CCECLAAEO 

Haeaatobia  irritaas  .  CCCBAAAA  LDB  BCHBFB  BE  BCEF  BSE  AAAAA  DBFBDEAAH  BCECLAACO 

Lyperosia  azaata . CCBBAAAA  LDB  CCHBFB  CE  BCEF  BSE  AAAAA  DBFBDCAAC  BCECLAAEO 

Hasca  doaestzca  .  CCBBAAAA  LDB  CCHBFB  CE  BCEF  BSE  AAAAA  DCFBDBAAC  CCECLAAEO 

Kusca  doaesti cat . AAFEADBA  AAA  BHCCFB  BE  AAAA  AHA  CJBEB  AAFCJDAAB  D8BAABAAA 

Pbaoaia  airabilis* .  AAFEADB6  KAA  CHCBFB  AA  AAAA  AHA  CJBEA  DBFBJDAAB  EBBAAAAAA 

Stoaoxys  calcitraas  .  CCBBAAAA  LDB  CCHCFB  CE  ECDF  BSE  AAAAA  DBFBCBAAC  BCECLAACO 

Caliipfiora  eryt/irocep/iaia  .  .  CCBBAAAA  LDB  CCHBFB  CE  ECEF  BQE  AAAAA  CCFBDEAAC  CCECLAAEO 
Callipbora  erytbrocaphala*.  .  AAFEADBA  HAA  BHCBFB  CE  CBJA  AHA  CJBEB  AAFCJDAAB  CCBAAFAAA 
Cocblioayia  aacsilarza*  .  .  .  AAFEADBA  HAA  BHCBFB  BE  CBEA  AHA  CJBEB  AAFBJDAAB  DCBAABAAA 

Ludlia  sericata . CCBBAAAA  LDB  CCHBFB  CE  ECEF  BOE  AAAAA  DBFBDCAAC  CCECLAAEO 

Plioriz'a  regiiaf . AAFEADBA  HAA  BHCBFB  BE  CBEA  AHE  CJBEB  AAFCJDAAB  DCBAABAAA 

Sarcophaga  Oaeaorrioidaiis.  .  CCBBAAAA  LDB  CCHBFB  BE  BCDF  BQE  AAAAA  DDFBSBAAC  CCECLAAEO 

Aoblfbartia  vigil  .  CCBBAAAA  LDB  CCHBFB  BE  BCEF  BQ  AAAAA  DBFBDBAAC  CCECLAAEO 

Archytas  aaalis . CCBBAAAA  LDB  CCHBFB  CE  ECDF  BQE  AAAAA  DDFBSBAAC  BCECLAAEO 

TAelazra  leacozoaa .  CCBBAAAA  LDB  CCHBFB  BE  BCDF  BQE  AAAAA  DBFBSBAAC  CCECLAAEO 

Cutereira  eaascalator  ....  CCBBAAAA  LDB  CCCBFB  CE  EBDF  ASD  AAAAA  DBAAAAAAC  CCECKAADE 
Cepfteaoiyza  auribarbus*  ,  .  .  AAFEADBA  HAA  CHCBFB  CE  AAAA  AHA  CJBEB  AAFBJDAAB  DCBAABAAA 

fflossiaa  palpialis .  CDCCAAAA  LDB  BCBBFB  CE  ECIK  BQF  AAAAA  BBFBCEAAH  BCECLAAFO 

Hippobosca  aaculata  .  CDBBAAAC  LAB  BCBBFB  CE  EBDK  AQF  AAAAA  D  FBFCAAH  BBECIAAFL 

tyc/iaia  aaara . CCBBAAAC  EAB  BCBBFB  DE  EBDK  AQF  AAAAA  DBFBFDAAH  BBECIAAFL 

Heiopfiaptis  oriaas . CDBBAAAC  EAD  BCBBFB  DE  EBDK  AQF  AAAAA  DBFBFCAAH  BBECIAAFL 

Olfersia  ardeae . • .  CBBBAAAC  EAB  BCBBFB  CE  EBEK  AQF  AAAAA  DBFBDDAAH  CCECIAADL 

Hycteritosca  aaboinenszs.  .  ■  CBBBAAAA  LAD  BCBBFB  DB  DBBK  AQF  AAAAA  DBFBFDAAH  DBECIAADL 

Aayaoadia  lobulata . CBEBAAAA  LAA  BCBBFB  CE  ECDK  ABF  AAAAA  DCFBFDAAH  CCECIAADL 

S trebla  vespartilioais,  .  •  •  CCBBAAAA  LAD  BCBBFB  CE  ECDK  AQF  AAAAA  DBFBFDAAH  DCECIAABL 

Trichobias  aajor . CCBBAAAA  LAD  BCBBFB  CE  EBDK  A  F  AAAAA  DBFBFDAAH  DBECIAABL 

Cyclopedia  sytesi  .  DDBBAAAC  EAE  BCBBFB  CE  BBIK  AQF  AAAAA  DBFBFCAAH  BBEBIAABL 

Aecotbea  feaestralis .  CCBBAAAA  LDB  CGABFB  CE  BCEF  BQE  AAAAA  DDKBCBABC  CCECKAAEE 

Heleoiyza  serrata* .  AAFEADBA  HAA  CHCBBB  BE  BBFA  AHA  CJBEB  AAFBJDAAB  DBBAAAAAA 

Boriorus  epazaas.  ......  CCBCAAAA  LDB  CFABFB  CE  CCDF  B  E  AAAAA  DCKBOBABC  CCECKAAEE 

Lepiocera  foatinalis .  ....  CCBCAAAA  LOB  CFABFB  CE  CCCF  BQE  AAAAA  CBKCCCAIC  CCECKAAEE 

Sphaerocera  carripes.  ....  CCBCAAAA  LDD  CFABFB  CE  BCDF  BQE  AAAAA  DBKCDCAIC  CCECKAAEE 

DyaaocAyroaya  coacolar.  .  .  •  CCBBAAAA  LDB  CFABFB  CE  CCBF  BQE  AAAAA  DBKBDDARC  CCECKAAEE 
Cryptochaataa  taiercaiatai*  .  AAFEADBA  HAA  BAABFA  AA  AAAA  CHJ  COBEA  AAFCJDAAA  ECFBJOADA 
Braala  coeca . CBBCABAA  LAA  CFABBB  CE  DBBF  BA  AAAAA  CBHBJDR6C  CCECQAADE 

tgapetiis  fusdpes . CBCBAAAA  BDB  CFABFB  CE  CBBF  BIN  AHBAA  BCJFHBFAC  DDEDDAABE 

Miyacophila  dorsalis*  ....  DAEBABAA  HCA  BAACCA  CE  DBSA  CKE  CFDBA  CDGEBCPBA  DDFCBKADH 
Hbyacopbila  sepUatrionis  .  .  CBCBAAAA  BBB  CFABFB  CE  CCFF  BIN  AHBAA  BCJFHELAC  DCEDNAABE 
BydroDiosis  uabripeaais  ■  .  •  BBCCAAAA  BDB  CFABFB  CE  CB  F  B6D  AAAAA  BCJD6BFAC  CBEDDAABE 

Slossosoaa*  sp . CAEBABAA  HCA  BAABCA  CE  DB6A  CKE  CBLBA  BDKEBDA  A  DDBAAKAAH 

Agraylea  aultipaactata.  ■  .  •  CBC  AAAA  BDB  CFABFB  CE  CBBF  BIN  AHBAA  BCJFHBFAC  DDEDNAABE 

Hydroptila*  sp . CAEBABAA  OCA  BAACCA  CE  DBSA  CKE  CBLBA  BDKEBCAKA  DDFBJKADH 

lolopbiloides  distiadus.  .  .  CBCCAAAA  BDB  CAABFB  CE  CBEF  BIN  AHBAA  BCFFCEAAC  DCEDDAABE 


dietary 

data 

DSAEFDA 
COCBEFB 
JGCBFFB 
DJCDGDA 
JUCEDFA 
CRBBEFB 
CRCBFFB 
CUCBDFB 
DOCEDDA 
DUCBDDA 
CRCBFFA 
CUCBEFA 
DHCEFDA 
DHCEFDA 
JHCBFFA 
DHCEFDA 
J6CBEFA 
JGCBEFA 
J6CBEFA 
JGCBEFA 
U6CBFFA 
DSAEFDA 
CRBBFFA 
CRB8FFA 
CRBBFFA 
CRABFFA 
CRABFFA 
CRABFFA 
CRBBFFA 
CRABFFA 
CRBBFFA 
CRABFFA 
J  BEFA 
DUCBDDA 
JUCBEFA 
JUCBEFA 
JUCBEFA 
JA  BEFA 
DSABFDA 
KIADFFB 

JSCBEFB 

EQCDBDA 

JGCBEFC 

JGCBEFA 

N*CCBDA 

JGCBEFC 

HaCBBDA 

JGCBEFA 
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1037. 

103S. 

1039. 

1040. 

1041. 

1042. 

1043. 

1044. 

1045. 
1040. 

1047. 

1048. 

1049. 

1050. 

1051. 

1052. 

1053. 

1054. 

1055. 

1056. 

1057. 

1058. 

1059. 

1060. 
1061. 
1062. 

1063. 

1064. 

1065. 

1066. 

1067. 

1068. 

1069. 

1070. 

1071. 

1072. 

1073. 

1074. 

1075. 

1076. 

1077. 

1078. 

1079. 
10B0. 
1081. 
1082. 

1083. 

1084. 

1085. 


TRI  bolopbiloides  distinctus*  .  .  DAECABAA 
TRI  Boraaidia  occipitalis*.  .  .  .  DAEBABAA 
TRI  Pseudostenopsycte  sugeas.  .  .  CCB8AAAA 
TRI  Bydropsycbe  angustipems  .  .  CBBBAAAA 
TRI  Nydropsycte  pellucidala*.  .  .  DAEBABAA 
TRI  ffacroneiui  ’retratua*  ....  OAEBABAA 
TRI  Piectrocneaia  coaspersa*.  .  .  CAEBABAA 
TRI  Poiycentropus  flavoaaculatus.  CBC  AAAA 
TRI  Bipseudopsis  afric ana  ....  CBBAAAAA 


TRI  Ecnoaus  tenellus . BBCCAAAA 

TRI  Tiaodes  uaeneri . BBCCAAAA 

TRI  Philostoais  posti ca* . DAEBABAA 

TRI  Ptryganea  cinera* . DAEBABAA 

TRI  Ptryganea  striata  .  CBBBAAAA 

TRI  Ptryganopsycte  latipennis*.  .  CBBBABAA 
TRI  Bractycentrus  subaubilus.  .  .  CBBCAAAA 

TRI  Philaasas  plebius * . CAE  ABAA 

TRI  Tasiaia  natasia  .  BBCCAAAA 

TRI  Anatolia  i areata . CBCCAAAA 

TRI  Anatolia  fur  cat  if . CAEBABAA 

TRI  Druses  trifidus* . CAECABAA 

TRI  Dicosaoecus*  sp . CAECABAA 

TRI  Liaaepbilus  flavicorais*.  .  .  CAEBABAA 

TRI  lianeptiius  lunatus . CBBCAAAA 

TRI  Stenoptylax  peraistus*.  .  .  .  CAECABAA 

TRI  Soera  pilosa . BBBCAAAA 

TRI  Basra  pilosa*  .........  CAECABAA 

TRI  Ttrena  aaoiaiui* . CAEBABAA 

TRI  Lspidostoaa  hirtua* . CAECABAA 

TRI  Zelandopsycte  ingens . BBCCAAAA 

TRI  Tastiropsycte  lacustris  .  .  .  BBCBAAAA 
TRI  Plectrotarsus  grareaborstii  .  ECBBAAAA 

TRI  Beraea  launis  .  CBB  AAAA 

TRI  Cruaoecia  irrorata . CBBCAAAA 

TRI  Jlotidotia  ci  liar  is . CBBCAAAA 

TRI  Hotidobia  ciliaris*  ......  CAEBABAA 

TRI  Sericostoaa  personatua.  .  .  .  CBBCAAAA 

TRI  Taaasia  eariegata  .  BBCCAAAA 

TRI  Pycsocentria  sylrestris*.  .  .  CAEBABAA 

TRI  Zelolessica  cteira* . CAEBABAA 

TRI  Holanna  angustata . CBB  AAAA 

TRI  dolanna  angustata* . DAEBABAA 

TRI  Odontocerua  aitkorne  ....  CBCCAAAA 
TRI  Odontocerua  aiticorae*.  .  .  .  CAECABAA 

TRI  Psilotreta*  sp . DAEBABAA 

TRI  Atriplectides  dubius*  ....  DABBABAA 
TRI  Tasaanttrus  angustipennis  .  .  BBCCAAAA 
TRI  Helicopsycte  borealis*.  .  .  .  CAEBABAA 
TRI  Neteroplectroa  aaericanua*.  .  CAEBABAA 


MCA  BAABCA  BE  DBNA  CUE  CFDBA  BOKEBCAKA  CCFCJKADN 
MCA  BAABCA  BE  DBNA  CKE  CMDBA  BDKEBCAKA  DCBAAKAAM 
BDB  CFABFB  CE  CBEF  SHE  AAAAA  SEC  SBC  BD6DNFFBE 
BAB  CFABFB  CE  CBEF  BIN  AMBAA  BCJFEEFAC  DCFDNIABE 
ACA  BAABCA  CE  DBSA  CUE  CSLBA  BDKEBCAKA  DDFCJKADM 
ACA  BAABCA  CE  DBSA  CKE  CBLBA  BDKEBCAKA  DDBAAKAAM 
ACA  BAACCA  CE  DBSA  CKE  CFDBA  BDKcBBAJA  CBFBSKACM 
BAB  CFABFB  CE  CBEF  BIN  AMBAA  BCJFEELAC  DDFDNIABE 
BAB  CEABFA  CE  CCBA  BBL  AHBAA  BCSFEEEAI  DCEONAABJ 
BAB  CFABFB  CE  CBEF  BIN  AMBAA  BCJFEEFAC  DBFDNIABE 
BAB  CFABFB  CE  CBBF  BIN  AMBAA  BCJFEEFAC  DCEDNAABE 
MCA  BAABCB  CE  CBBA  CKE  CBDBA  BDKEBDAKA  DDFCJKADM 
MCA  CAABCA  CE  DBSA  CKE  CBDBA  BDKEBCAKA  D  FCJKADM 
BDB  CFABFB  CE  DBSF  BIN  AMBAA  BCJECEFAC  DCEDNAACE 
OEA  BFABCA  CE  BBFA  CKE  CBDBA  CCHEBC8HA  CCFCDKACN 
BAB  CFABFB  CE  CBEF  BIN  AAAAA  BCJDSCFAC  DCEDDAABE 
ACA  CAABCA  CE  DBNA  CKE  CBLBA  BDKDSOAKA  DC6BJKFDM 
BAB  CFABFA  CE  DBSF  BIN  AMBAA  CBJECEFAC  CDEDDAABE 
BDB  CFABFB  CE  DCBF  BIN  AAAAA  BCJFCEFAC  DCEDDAACE 
MCA  CAABCB  CE  DBSF  CKE  CBDBA  CDKEBDA  A  CDFCJKADM 
MCA  CAABCA  CE  CBSA  CKE  CBLBA  BDKEBDAKA  CDFCJKADM 
MCA  CAABCA  CE  DBSA  CKE  CB  BA  BDKEBCA  A  CDFCJKADM 
NCA  CAABCA  CE  CBCA  CKE  CDLBA  BDKEBCAJA  DCFCBKADH 
BDB  CFABFB  CE  DCBF  BIN  AAAAA  BCJDCEFAC  DDEDNAACE 
MCA  BAABCA  CE  DBCA  CKE  CDLBA  BDKEBDAJA  DDFDBKADM 
BAB  CFABFB  CE  DCBF  BIN  AAAAA  BCJDCCFAC  DCEDNAABE 
MCA  CAABCA  CE  DBSA  CKE  CBLBA  BDKEBDAJA  DDFCBKADM 
MCA  BAACCA  CE  CBCA  BKN  CBFBA  BD5DJDJIA  CCFCBKADH 
MCA  BAABCA  BE  DBSA  CKE  CBLBA  BDKEBCAJA  D  FCBKADM 
BAB  CFABFB  CE  DBBF  BIN  AAAAA  CBJDBBFAC  CBFDDOIFE 
BAB  CFABFB  CE  DBEF  BIN  AAAAA  CCJESBJAC  DBEDDAABE 
BAB  CFABFB  CE  EBDF  BIN  AMBAA  CCJDCBFAC  CCFDDAABE 
BAB  CFABFB  CE  DBBF  BIN  AHBAA  BCJFCEFAC  DCEDDAABE 
BAB  CFABFB  CE  DBBF  BIN  AAAAA  BCJBBCFAC  DCEDDAAFE 
BAB  CFABFB  CE  DBBF  BIN  AMBAA  BC6B6CFCC  DDEDDAABE 
ACA  BAABCA  BE  CB6A  CKE  CBLBA  CDKEBCAMA  DCFDBKADM 
BAB  CFABFB  DE  DBBF  BIN  AMBAA  CCSB  DFBC  DCEDBAABE 
BAB  CFABFB  CE  DBBF  BIN  AAAAA  BBJEECFAC  DBEDDAAFE 
MCA  BAABCA  CE  BBSA  CKE  CBL3A  BCKEBCAMA  DCFBBKADM 
MCA  BAABCA  CE  BBSA  CKE  CBLBA  BDKEBCAMA  DCFBBKADM 
BAB  CFABFB  CE  CBBF  BIN  AMBAA  BCJFCEFAC  DCEDDAABE 
MCA  CAABCA  BE  DBBA  CKE  CFDBA  BDKDBCAMA  DCFBJKADM 
BAB  CFABFB  CE  CBBF  BIN  AMBAA  BCJFCEFAC  DCEDDAABE 
MCA  CAACCA  BE  DB6A  CKE  CBDBA  BDKEBCAMA  D  FCJKADM 
MCA  CAABCA  BE  DBBA  CKE  CBDBA  BDKEBCAKA  CDFBJKADM 
NAD  BAABCA  DB  CBBA  CKE  CLDBA  BCKDBDAJA  DCFBJKADM 
BAB  CFABFB  BE  CBEF  BIN  AMBAA  BCJEHCFAC  CBEDDAAFE 
MCA  CAABCA  CE  DB6A  CKE  CB  BA  CDKEBCAJA  DCFBJKADM 
ACA  CAABCA  CE  D36A  CKE  CBLBA  BDKEBCAJA  DCFBJKADM 
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data 

L*CCBDA 

HtCCBDA 

JSCBEFA 

JECBEFC 

L*CCBDA 

L*CCBDA 

EPCEBDA 

JSCBEFC 

K6CBEFC 

JSCBEFA 

JSCBEFA 

E&CDBDA 

E&CDBDA 

JSCBEFC 

E&CCBDA 

JSCBEFC 

EPCDBDA 

JSCBEFC 

JSCBEFA 

EVCDBDA 

EVCDBDA 

EtCDBDA 

M*CCBDA 

JSCBEFA 

MVCDBDA 

JSCBEFA 

HtCCBDA 

MtBCSDA 

EtCCBDA 

JSCBBFC 

JSCBEFC 

JSCBEFC 

JSCBEFC 

JSCBEFC 

JSCBEFC 

EVCDBDA 

J6CBEFC 

JSCBEFC 

EZCDBDA 

EVCDBDA 

JSCBEFA 

M&CD6DA 

J6CBEFA 

H&CDBOA 

MVCDBDA 

HtCCBDA 

J6CBEFC 

HfCCBDA 

EVCDBDA 
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data 


1086.  TRI  Athripsodes  cinera . CBBCAAAA  BAB  CFABFB  CE  CCBF  BIN  AHBAA  BCJFCEFAC  BCEDDAABE  JSCBEFC 

1087.  TRI  ffystacides  sepuichraJis  .  .  .  CBB  AAAA  BAB  CFABFB  CE  CCEF  BIN  AAAAA  CCJFCEFAC  DCEDNAABE  E&CDEFA 

108B.  LEP  BeterobatSaia  pseuderiacrania  CACCAAAA  CCD  CAACFA  DB  CBJA  CttK  CBDBA  BCSFCEJCfl  DD6DDBICA  EHACEFA 

1089.  LEP  Reterciat/iaia  pseaderiacraaiatCAEAABBA  NEA  BAABCA  DB  DBBH  CKN  CBLBA  CDJDBDJAA  CCFBDKADH  EEADEDA 

*  - _  _  .  _ _ _ .  _  _  _  .  __  ■  a  hbak  «  nf.APt.pvn  i  nnnnnnrn*  niaPrfA 


1090.  LEP  Aicropteryx  amelia  ....  BABCAAAA  CCB  CAACFA  DB  CBJA  C8K  CCCBA  CD6FBEIRA  DD6CDBFCA  EHACEFA 

1091.  LEP  Aicropteryx  althella*.  .  .  .  CAECABBA  KAA  BAABCA  DB  DBBA  CJE  CFDBA  BCSDBCG  A  DBECBAACA  EEBDEDA 

1092.  LEP  jfaeaoaica  aaricyaaea .  CACCAAAA  CCD  CAABFA  DB  CBDA  CSK  CBEBA  CD6GBEGBA  DCECCAABA  EHBCEFA 

1093  LEP  Falaeoaicroides  fasciatella  ■  CABCAAAA  DCB  CAACFA  DB  CBJA  CBK  CCEBA  BD6FBEICA  DCEDDAACA  EH  CEFA 

1094.  LEP  Saiaiiaca  aaraaceila . CABCAAAA  BCB  CAACFA  DB  CBJA  CQK  CCEBA  BCGF  EICA  DCEDDAACA  EHACEFA 

1095.  LEP  Sa&atiata  iarbarica* .  CAECABBA  KEA  CAACCA  DB  DBBA  CJE  CFLBA  BCBDBCPCA  DBEDBAADA  EEBDEDA 

1096.  LEP  Agatkipkaga  vitieasis  ....  CAC  AAAA  DAB  CAACFB  DB  DBFA  CSC  CBBBA  BC6FCBKCA  DCEEDAABA  I  FA 

1097.  LEP  AgaMpkaga  vitiensis*.  .  .  .  CAECADBA  HAA  BAABFA  AA  DBBA  CKC  CRDBA  BCJCJDBAA  DCFBJQADH  ECADEDA 

1098.  LEP  Eriocratia  saagi* . CAEAABBA  KCA  BAABCA  CE  CBGA  CHC  CFDBA  BCJCJDIAA  DBE  AA  A  EEBDEDA 

1099.  LEP  Eriocratia  seaiparpareiia  .  .  CCBCAAAA  CCD  CEABFB  CE  CBDL  AAC  CDBBA  BCGFCEE  I  DCEDDAAFJ  KICBEFA 

1100.  LEP  Lophocorona  padiasia .  CCCCAAAA  CAB  CEABFB  CD  DEEL  AAE  ABBAA  BCJECEEAI  DCEDDAABJ  KG  BEFA 

1101.  LEP  Arcbepiolas  sckiidi  .  CCCCAAAA  DAB  CEABFB  CB  CBEL  AAC  CBBBA  CDJFCEEAI  DCEDDAAFJ  K  FA 

1102  LEP  Aeopseustis  aeyricti .  CCBCAAAA  DAB  CEABFB  CE  CBJL  A8E  ABBAA  BCJF6EEAI  DCEDDAAFJ  KG  BEFA 

1103.  LEP  Baesarekaea  loxoscia . CCCCAAAA  CAB  CEABFB  CD  CE&  AAE  ABBAA  CCJDGCEAI  OCEDCAACJ  KG  BEFA 

1104.  LEP  Aeotheora  cbiloides  .  BCCAAEAA  CAB  CEABFA  CA  AAAA  AAA  AAAAA  BCJCJDEAI  DCEDDAABJ  K  FEFB 

1105  LEP  Aialaodas  fascipes .  BDCCAEAA  BAB  CEABFB  CE  BELL  AAE  CB8AA  BCJFBEEAI  CBEDOAABJ  K  BEFC 

1106.  LEP  Afrotkeora  tkenodes . BACCAEAA  BAB  CGABAA  CE  BEEA  DAA  AAAAA  AAFDJDAAA  C3EC0AACA  67.EAEFC 

1107.  LEP  Aepialus  sp . BABBAAAA  B  B  CEABAA  CE  CBBA  AA  AAAAA  BCJBJDBAI  DCECOAACA  KEAEFA 

1108.  LEP  Bepiaias  haauii* .  CAECABBA  KEA  BAABFA  CE  CB  H  CKC  CB  BA  CCHDBDFAA  DCFBKKACM  EHBDGDA 

1109.  LEP  Stenopis  t/iale . BACCAAAA  B  B  CGABAA  CE  CBBA  DAE  AAAAA  BCJDBDBAA  DDECQAACA  QXEAEFA 

1110.  LEP  Ectoedeaia  keinricki*  ....  CAECABBA  HCA  BAABFA  DB  CBIH  CKE  CBDBA  BCGDBDBBA  DCEDLAABA  EEADEDA 

1111.  LEP  Aepti cala  laleila* .  CAECABBA  HCA  BAABFA  DB  CBIH  CKC  CBDBA  BC6DFDGRA  DDECLAABA  EEADEDA 

1U2-.  LEP  Apostega*  sp . '.  CAEBAABA  KAA  BAABFA  DB  CCCH  CKG  CBLBA  BD6DBDGKA  DBFCJKABH  EEADEDA 

1113.'  LEP  Tisc/ieria  aarginea* . CAEAABBA  NEA  BAABDA  BE  DBIH  CKC  CBDBA  BCJCCDGAA  CDFBBKADH  EEADEDA 

'  _ _ _  ......  ms  ...U  Him  HHHHI  nAinnnnAt  n  nv/nj  A  A  n  n  rrAnm  A 


1114.  LEP  Paradeieasia  acsr ifo 1 ie 1 la*  CAE  ABBA  NEA  BAABFA  CE  DBBH  CKC  CBDBA  CCJDBDBAA  CCcCLAACA  EEADEDA 

1115.  LEP  Tegeticaia  yaccasella  ....  BDBCAAAA  BAB  CEABFB  CE  B  L  AAC  AAAAA  CDJF  EEAI  DCEEOAABJ  KGABEFB 

1116.  LEP  hodoxas  gaingaepanctelia*.  .  CAEBABBA  NDA  BAABFA  CB  DB6H  CKC  CBDBA  CDJDBDHAA  DDECBAADH  EJADEDA 

1117  lep  Coptedisca  splendor  if ere! [at.  CAEBABBA  KCA  BAABFA  CE  CBHH  CK  CBDBA  BCJCBD6AA  CCFCLKABH  EEBDEDA 

1118  LEP  Lhdera  tessellatella*.  .  .  .  CAECABBA  NAA  BAABFA  CE  CBGH  CKG  CRDBA  BDJCBDJAA  DCFCLKACH  ESCDDDA 

HI,;  LEP  Tiaea  pfllioaelia* .  CAE  ABBA  NEA  BAABFA  CE  DBBH  CKG  CRDBA  B8JDBDIAA  DCFBLKACH  EJADFDA 

1120.  LEP  Thrydopteryx  epbeaeraeforais*  CAE  ABBA  NEA  CAABFA  DB  DBCH  CK  CRDBA  CCJCBDIAA  DCFBLKACH  EECDEDA 

1121.  LEP  Eriocottis  iascantila  ....  CDBAAAAA  CCB  CEABFB  CE  BBLL  AAC  AAAAA  BCJECBEAI  CBEDOAABJ  K  BEFC 

1122  LEP  Oscheafieiaeria  vacculelia  •  .  CDBAAAAA  BCB  CEABFB  CE  BBLL  AAC  AAAAA  BDJCCDEAI  C8ED0AACJ  K  BEFC 

1123.  LEP  Phyllocnistis  saffusella*  .  .  CAE  ABBA  NCA  BAABFA  CE  D8NH  CKE  CHDBA  CBFBICAAA  CBBAAKAAK  EIABEDA 

1124.  LEP  Sracillaria  stioiateiia*.  .  .  CAEBABBA  NAA  BAABFA  CE  DBIH  CKG  CRDBA  CBJBJDBAA  CBEBJKADH  EEADEDA 

1125.  LEP  Bdellia  soiaaleateila*.  .  .  .  CAECABBA  HEA  BAABFA  CE  DBBH  CKE  CRDBA  CDJDBDIAA  CDFBLKACH  EEAOEDA 

1126.  LEP  Paraleacoptera  siaaeiia*.  .  .  CAECABBA  HEA  BAABFA  BE  DBNH  CKE  CBDBA  CDJCJDIAA  DCEBLKABH  EEBDEDA 

1127.  LEP  Aepressaria  fieracliaaa*  .  .  «  CAECABBA  NEA  BAABFA  CE  DBBH  CKE  CRDBA  CDJDBDBAA  CBFCLKACH  EEADEDA 

1128.  LEP  Oecophcra  kractella  .  BDC  AAAA  BAB  CEABFB  DE  CBLL  AAC  AAAAA  BCJEGBEAI  CBEDOAAFJ  KG  BEFA 

1129.  LEP  EtAu'a  loagiiacalella*.  .  .  .  CAECABBA  NEA  CAABFA  CE  DBCH  CKE  CRDBA  CCJCBDJAA  CCFBLKACH  EEADEDA 

1130.  LEP  Eriogeaes  aesogypsa  .  CDCCAAAA  BAB  CEABFB  CE  CBLL  AAC  AAAAA  BCJEGCEAI  CBEDOAABJ  K6CBEFA 

1131.  LEP  Steaoaa  schlaegerii  .  CAECABBA  NEA  CAABFA  CE  DBCH  CKE  CRLBA  CDJDBDBAA  DBFCLKACH  EEADEDA 

1132.  LEP  Coleopkora  reron icellat  .  ,  .  CAECABBA  NEA  BAABFA  CE  DBBH  CK  CRDBA  CDJDJDSAA  CCFBLKA  H  EEADEDA 

1133.  LEP  Kaleatinia  glandule  1 1st  ,  ,  ,  CAECABBA  NEA  BAABFA  CE  DBBH  CKE  CRDBA  BDFCBCAAA  CCFCLKACH  ECADEDA 
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1134. 

LEP 

1135. 

LEP 

1136. 

LEP 

1137. 

LEP 

1138. 

LEP 

1139. 

LEP 

1140. 

LEP 

1141. 

LEP 

1142. 

LEP 

1143. 

LEP 

1144. 

LEP 

1145. 

LEP 

1146. 

LEP 

1147. 

LEP 

1148. 

LEP 

1149. 

LEP 

1150. 

LEP 

1151. 

LEP 

1152. 

LEP 

1153. 

LEP 

1154. 

LEP 

1155. 

LEP 

1156. 

LEP 

1157. 

LEP 

1158. 

LEP 

1159. 

LEP 

1160. 

LEP 

1161. 

LEP 

1162. 

LEP 

1163. 

LEP 

1164. 

LEP 

1165. 

LEP 

1166. 

LEP 

1167. 

LEP 

1168. 

LEP 

1169. 

LEP 

1170. 

LEP 

1171. 

LEP 

1172. 

LEP 

1173. 

LEP 

1174. 

LEP 

1175. 

LEP 

1176. 

LEP 

1177. 

LEP 

1178. 

LEP 

1179. 

LEP 

1130. 

LEP 

1181. 

LEP 

1182. 

LEP 

taxon  _ louthoart  lorpholoqy  data _ 

I  II  III  IV  V  VI  VII  VIII  IX 

Eiachista  tadarella  .  BDBCAAAA  BAB  CEABFB  BE  CBLL  AAC  AAAAA  BCJBBDEAI  CBEDOAABJ 

ItAoie  coacolorella* . CAEBABBA  NEA  BAABDA  CE  BBCA  CKE  CBBBA  BCHCCCN8A  DCFCLKACH 


Aristotlea  henaaella*.  .  .  .  CAECABBA  NEA  BAABFA  CE  CBCM  CAC  CRDBA  CDJDBDJAA  DDFBLKACH 
Gnoriiosclieia  gailasoIidagnistCAECABBA  NEA  BAABFA  CE  DBCft  CKE  CRDBA  CDJDBDJAA  CDFCLKACH 


Scy ft r is  epilobiella*  ....  CAEBABBA  NEA  BAABFA  CE  DBGN  CK  CRDBA  BDFDBCAAA  CCFBLKACH 

CosaopUryx  zieglerella  .  .  .  BDC  AAAA  BAB  CEABFB  DB  CBLL  ASC  AAAAA  CCJE6BEAI  CBEDQAAFJ 

Carposiaa  feraaldaaa*  ....  CAEBABBA  AEA  BAABFA  CE  DBCH  CK  CRDBA  BDJDBCJAA  DCFBLKACH 

Epiierina  albapaactella*.  .  .  CAECABBA  NEA  CAABFA  CE  DBEH  CK  CRDBA  CDJCBDGAA  CCFBLKACH 

AntiopJiiia  pariasa*  .  CAEAABBA  NEA  BAABFA  BB  DBBH  CK  CRDBA  C8FDBCAAA  CBFBLKACH 

Attena  surest  .  CAECABBA  NEA  CAABFA  CE  DBCH  CKE  CRDBA  BDJCBCGAA  DCFBLKACH 

Sanninoidea  sp . BDBCAAAA  BCB  CEABFB  BE  CBLL  AAC  AAAAA  BCJDGDEAI  CBEDOAACJ 

Podosesia  syriagae*  .  CAE  ABBA  NEA  BAABFA  CE  BGH  CKE  CRDBA  CCJBJDJAA  CCFBLKACH 

Inna  sp . BDBAAAAA  BAB  CEABFB  CE  BBLL  AAC  AAAAA  BCBAAAEAA  CBEDOAABJ 

Cnssus  cossas* . CAECABBA  HEA  CAABFA  EE  DBBH  CKE  CRDBA  CCJC8DJAA  CDFCLKACH 

Priaoxystus  robiaae* .  CAEBABBA  KEA  CAABFA  CE  DBGH  CKE  CRDBA  BDJDBDJAA  CCFBLKADH 

Zeuzera  pyrinat  .  CAECABBA  NEA  CAABFA  DB  CBGK  CKE  CDDBA  CDJCBDJAA  CDFCLKACH 

Mips  cerasivoraaat  ....  CAEBABBA  NEA  BAABFA  BB  CBGH  CKC  CRDBA  SDJEBCJAA  CDFCLKACH 

Cboristoaeara  argyrospila*.  .  CAEBABBA  NEA  BAABFA  CE  BGH  CKC  CRDBA  DDJCBCJAA  CDFBLKACK 

Cboristoaeara  iaaiferaaa.  .  .  CDCAAAAA  GAB  CEABFB  DB  DBLL  AAO  AAAAA  BCJDGDEAI  DBEDOAABJ 

Cydia  poaoaella* .  CAEBABBA  NEA  BAABFA  CE  DBGH  CKH  CRDBA  8DJCBDJAA  CCFCLKACH 

Stenodes  alteraanat  .  CAECABBA  NOA  CAABFA  CE  BBBH  CKE  BRDBA  BCJD8CJAA  CBFCLKACH 

Barmina  anericanat . CAEAABBA  OEA  CAABFA  CE  BGH  CKC  CRDBA  CDJEBCJAA  D  FBLKACH 

SoaatoiracAys  infuscata  .  .  .  CBCAAEAA  EAB  CGABAA  AB  CAAA  DAA  DAAAA  AABAAABAA  AAAAAAAAA 

Lagoa  crispata*  .  CAE  ABBA  NEA  CAABFA  B  CBCH  CKC  CRDBA  BDJDBDJAA  DDFCLKABH 

Epipotpoaia  eiongata .  CBBCAEAA  EAB  CGABAA  CE  AAAA  DAA  DAAAA  BBBAAAAAA  AAAAAAAAA 

Castnia  icarus . BDCBAEAA  GAB  CEABFB  CE  DCBL  AAL  AAAAA  CCJBJDEAI  DCEDOAABJ 

Epargyreas  Claras  .  BDBBAEAA  GAB  CEABFB  BE  DBJL  AAL  AAAAA  CCJBJDEAI  DCEDNAACJ 

Paaoqaita  ocola  . BDBBAEAA  GAB  CEABFB  OE  DBBL  AAL  AAAAA  CCJBJDEAI  OCEDQACCJ 

Aainta  cannae  .  BDBBAAAA  GAB  CEABFB  DE  DBBL  AAL  AAAAA  CDJBJDEAI  DCEDOAA  J 

Tagiades  flesas  .  BDBBAAAA  6AB  CEABFB  DE  DBLL  AAL  AAAAA  CCJBJDEAI  DCEDOAACJ 

Srbaaus  dor antes .  BDBBAAAA  6AB  CEABFB  DE  DBLL  AAL  AAAAA  CCJBJDEAI  DCEDOAACJ 

Hegatliyius  yuccae  .  BDBBAEAA  GAB  CEABFB  CE  DBBL  AAL  AAAAA  CCJCJDEAI  DCEDOAABJ 

Battus  pbileaor  .  BDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCEAAAECI  DBEDOAABJ 

Papilio  deaoleus .  BDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCEAAAECI  EBEDOAACJ 

Par  ides  ipbidaaus . CBCAAEAA  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCEAAAECI  DBEDOAABJ 

Teiaopalpus  iaperalis  ....  CDBAAAAA  GAB  CEABFB  DE  DBBL  AAL  AAAAA  CEAAAECI  BEDOAABJ 

Eureaa  dera  .  CDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  A8BAA  CDJCJDEAI  CBEDOAABJ 

Pieris  trass: cae .  BDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  ABBAA  CDJCJDEAI  DBEDOAABJ 

Celastriaa  argiolas  .  CDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCEAAAECI  DBEDOAABJ 

Lycaeaa  belloides  .  CDCAAEAA  GAB  CEABFB  BE  DBLL  AAL  AAAAA  CCEAAAECI  DBEDOAABJ 

Apodeiia  paiaeri .  CBCAAEAA  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCBAAAEAI  DBEDOAA  J 

Lasaia  aqesihs  .  CDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCBAAAEAI  DBEDOAABJ 

Paaaas  archippas .  BDCAAEAA  GAB  CEABFB  CE  DBLL  AAL  ABBAA  CCBAAAEAI  DBEDOAACJ 

Aaartia  fatiaa . BDCAAAAE  GAB  CEABFB  CE  CBLL  AA  AAAAA  CDJBJBEAA  DBEDFKA  J 

Basi2arcfia  archippas*  ....  CAEBABBA  OEA  CAABFA  CE  BGH  CKG  CRDBA  BDJCBCJAA  CDFBBKACH 

Caiinaga  iaddta  .  CDCAAEAE  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCJBJDEAI  DBEDOAA  J 

Helicoaias  charitoaia  ....  BDCAAEAE  GAB  CEABFB  CE  DBLL  AAL  AAAAA  CCJBJDEAI  DBEDOAA  J 

Vanessa  cardui . BDCAAEAE  GAB  CEABFB  CE  DBLL  AAB  AAAAA  CCJBJDEAI  DBEDOAA  J 

Vanessa  cardai*  .  CAECABBA  NEA  BAABFA  E  DBCH  CKC  CRDBA  BCJDBDJAA  DCFBLKACH 


dietary 

data 

KGCBEFA 

EDBDEDA 

EEADEDA 

EEADEDA 

EEADEDA 

EG  BEFA 

EEADEDA 

EEADEDA 

EEBDEDA 

EEADEDA 

KG  BEFA 

EJBDEDA 

K  BEFC 

EJCDEDA 

EKCDEDA 

RKCDEFA 

EEADEDA 

EEADEDA 

8ZEAEFA 

EFADEDA 

EBADEDA 

EEADEDA 

8XEAEFA 

EECDEDA 

8ZEAEFB 

KGCBEFA 

KGCBEFA 

KGCBEFA 

KGCBEFA 

K  FA 

KGBBEFA 

K/ABDFA 

KGCBEFA 

KGCBEFA 

KGCBEFA 

KG  BEFA 

K/ABDFA 

KGCBEFA 

K4CBEFA 

KSABEFA 

KGABEFA 

KGABEFA 

KGABEFA 

KGBBEFA 

EEBDEDA 

KG  BEFA 

KHBCEFA 

KGCBEFA 

EECDEDA 
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I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IS 

data 

1183. 

LEP 

Platyptilia  carbuidactyla*. 

.  CAEBABBA 

KEA 

CAABFA 

CE 

ESN 

CKS 

CRDBA 

CDDDBCJAA 

CDFBLKACN 

EEADEDA 

1184. 

LEP 

Neobansia  fuligiaea  .... 

.  CDCAAAAA 

EAB 

CEAEFB 

DE 

CBLL 

AAI 

AAAAA 

BCJDGDEAI 

DBEDFAACJ 

KG  BEFA 

1185. 

LEP 

Acroia  grisella* . 

.  CAEBABBA 

KAA 

BAABFA 

CE 

CBBK 

CKC 

CRDBA 

CD3CBDJAA 

CDFDLKACN 

EUCDDDA 

1186. 

LEP 

Bissetia  steaiell us  .... 

.  CDCCAAAA 

BCB 

CEABFB 

DB 

DBLL 

AAI 

AAAAA 

BCJEBCEAI 

DBEDFAABJ 

KG  BEFA 

1187. 

LEP 

CM lo  tuiidicostalis.  .  .  . 

.  CDCAAAAA 

BCB 

CEABFB 

DB 

BLL 

AAI 

AAAAA 

BCDEDCEAI 

DBEDFAABJ 

K6  BEFA 

118B. 

LEP 

Chilotraea  iifuscitellus.  . 

.  CDCAAAAA 

BCB 

CEABFB 

DB 

DBLL 

AAI 

AAAAA 

BCJECCEAI 

DBEDFAABJ 

KB  BEFA 

1189. 

LEP 

Galleria  telloael la*.  .  .  . 

.  CAEBABBA 

KEA 

BAABFA 

CE 

OBSK 

CKC 

CRDBA 

BDHCBDJAA 

CDFBBKACN 

E4ADFDA 

1190. 

LEP 

ffaritaia  ruralis . 

.  CDCAAAAA 

BCB 

CEABFB 

CE 

DBLL 

AAE 

AABBA 

CDJEBCEAI 

CCEDFAABJ 

K  FA 

1191. 

LEP 

f/oioeosoia  ehctellm*.  .  . 

.  CAEBABBA 

EA 

BAABFA 

CE 

DBCK 

CKC 

CRDAA 

B  JDBDOAA 

CDFCLKACN 

EBBDEDA 

1192. 

LEP 

Scirpopliapa  nirelia  .... 

.  CCCAAAAA 

BCB 

CEABFB 

DB 

DBLL 

AAG 

AABBA 

BDGECCERI 

CCFDFBABJ 

KG  BEFA 

1193. 

LEP 

Eiitfiyratira*  sp . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBGN 

CK 

CRDBA 

JCJD3AA 

CCFCBKACN 

EEADEDA 

1194. 

LEP 

Drepana  arcuiata*  . 

.  CAEBABAA 

KEA 

CAABFA 

DB 

DBCM 

CKC 

CRDBA 

JC3DJAA 

CCFBLKACN 

EESDEDA 

1195. 

LEP 

durapteryx  saabucaria*.  .  . 

.  CAEBABAA 

KEA 

CAABFA 

CE 

DBCil 

CKC 

CRDBA 

JCJDJAA 

CCFBLKACN 

EEBDEDA 

1196. 

LEP 

tacosoia  cfiiridota*  .... 

.  CAEBABAA 

KEA 

CAABFA 

CE 

DBCM 

CKC 

CRDBA 

CDJCJDJAA 

CCFBLKACN 

EEADEDA 

1197. 

LEP 

Boabyx  tori* . 

.  CAEBABBA 

NEA 

CAABFA 

CE 

CBCN 

CKC 

CRDBA 

BDJCJDJAA 

DCFCLKACN 

EEADEDA 

1198. 

LEP 

Nalacosoia  aaericaaa*  .  .  . 

.  CAEBABBA 

KEA 

CAABFA 

DB 

CBCM 

CKC 

CRDBA 

BCJCJDDAA 

CCFBJKADN 

EEBDEDA 

1199. 

LEP 

.Yalacosoia  sensin' a  .... 

.  CACAAAAA 

EAB 

CBASAB 

CE 

DBBA 

DOE 

AAAAA 

CDJBDDAAA 

DBEDFAACH 

QIEAEFA 

1200. 

LEP 

Carthaea  saturaoides.  .  .  . 

.  BDCBAAAA 

EAB 

CEABFA 

CE 

BBLL 

ASE 

AAAAA 

BCJDECEAI 

DBEDOAAEJ 

KGDBEFC 

1201. 

LEP 

Aatoteris  in*  . 

.  CAEBABAA 

KEA 

CAABFA 

DB 

DBCM 

CKE 

CRDBA 

CDJCJDJAA 

DCFBLKADN 

EECDEDA 

1202. 

LEP 

ffryocaipa  rubicunda  .... 

.  BACBAAAA 

BAB 

CBABFA 

CB 

DBLA 

DOE 

ABBAA 

BBFB6DAAA 

DBEBFAABJ 

SXEADFA 

1203. 

LEP 

facies  iiperalis . 

.  BCCAAEAA 

EAB 

CEABFB 

CE 

DBLL 

ASE 

AAAAA 

C8JBJCEAI 

DBECFAACJ 

QXEAEFA 

1204. 

LEP 

Telea  polyp/ieius* . 

.  CAEBABBA 

NEA 

CAABFA 

DB 

CBCN 

CKE 

ARDAA 

SDJDBDJAA 

CDFCLKACN 

EECDEDA 

1205. 

LEP 

4c/iero»h'a  atropos*  .... 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCM 

CKE 

CRDBA 

SCFCBDAAA 

DBFCBKADN 

EEBDEDA 

1206. 

LEP 

Agrias  cosrolruii  . 

.  CDCAAAAA 

BAB 

CEABFB 

DE 

DBLL 

AOL 

ABBAA 

CCJCCDEAI 

DBEEFAABJ 

KECDEFA 

1207. 

LEP 

Biliaa  tili ae . 

.  BDCAAAAA 

BAB 

CEABFB 

CE 

DBLL 

A8L 

ABBAA 

CCJBJDEAI 

DBEDFAA  J 

K  FC 

1208. 

LEP 

Diliaa  iiliae* . 

.  CAECABAA 

NEA 

CAABFA 

CE 

CBCN 

CKE 

CRDBA 

BCJCJDJAA 

CCFBLKADH 

EE  DA 

1209. 

LEP 

Dolba  Aylocus* . 

.  CAEBABAA 

KEA 

CAABFA 

DB 

CBCN 

CKE 

CRDBA 

BDJCJDJAA 

CDFBLKADN 

EEADEDA 

1210. 

LEP 

daaduca  sexta . ' 

.  BDCAAAAA 

BAB 

CEABFB 

CE 

DBLL 

AQL 

ABBAA 

CCJBJDEAI 

DBEDFAACJ 

KSCBEFC 

1211. 

LEP 

Yandtica  sexta* . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKE 

CRDBA 

BDJDBDJAA 

CCFCBKACN 

EEBDEDA 

1212. 

LEP 

Schizura  coacinna* . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKE 

CRDBA 

CDGCBDJBA 

CCFBLKACN 

EFBDEDA 

1213. 

LEP 

flrqyia  ieucosiiyaa*  .... 

.  CAEBABAA 

NEA 

CAABFA 

DE 

DBCN 

CKC 

CRDBA 

CDJCBDJAA 

CCFBLKACN 

EECDEDA 

1214. 

LEP 

[stigtene  acrea* . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BDJCBDJAA 

DDFBLKABH 

EECDEDA 

1215. 

LEP 

Eucliaetes  egle* . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BDJCBDJAA 

CDFDLKACN 

EEADEDA 

1216. 

LEP 

Hyphaotria  cuaea . 

.  CDCAAAAA 

FAB 

CEABFB 

CE 

DBLL 

ABL 

ABBAA 

CCJBJDEAI 

DBEDFAABJ 

QXEAEFA 

1217. 

LEP 

Pyrrharctia  Isabella*  .  .  . 

.  CAEAABAA 

NEA 

CAABFA 

CBCN 

CKC 

CRDBA 

BDJCBDJAA 

CDFBLKACN 

EECDEDA 

1218. 

LEP 

Cteauchia  sp . 

.  BD  AAAA 

EAB 

CEABFB 

DE 

DBLL 

AQL 

AAAAA 

CCJBJDEAI 

DBEDFAABJ 

KGBBEFA 

1219. 

LEP 

Calyptra  eastrigata  .... 

.  BDCBAAAA 

EAB 

CBCBFB 

CE 

CB  I 

AAE 

AAAAA 

CDBAAADAF 

DBEOFAABI 

ARBBFFA 

1220. 

LEP 

Catocala  sp . 

.  BDCBAAAA 

CAB 

CEABFB 

CE 

CBLL 

ABE 

AAAAA 

BCJB6DEAI 

DBEDFAABJ 

EF  BEFA 

1221. 

LEP 

Catocala*  sp . .  . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

CBCN 

CK 

CRDBA 

BDJCBDJAA 

CDFDLKACN 

EEADEDA 

1222. 

LEP 

laciaipolia  renigera*  .  .  . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BDJCBDJAA 

CDFDBKADH 

EECOEDA 

1223. 

LEP 

Otbreis  aateraa  . 

.  CDCAAAAA 

CAB 

CBCBFB 

CE 

CSBI 

AAE 

AAAAA 

CCBAAADAF 

DBEDFAABI 

AFABEFA 

1224. 

LEP 

Papaipeia  aitela*  . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BDJCBDJAA 

CDFCLKACN 

EECDEDA 

1225. 

LEP 

Peridroia  save i a*  . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BDJDBDJAA 

DCFCLKADN 

EECDEDA 

1226. 

LEP 

Pseadaietia  aaipuacta*.  .  . 

.  CAEBABAA 

NEA 

CAABFA 

CB 

CBCN 

CKC 

CRBBA 

BEJCBCJAA 

CCFCBKACN 

EEBDEDA 

1227. 

LEP 

Spodoptera  eridania*.  .  .  . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BDJCBDJAA 

CCFCLKACN 

EECDEDA 

1228. 

LEP 

Agriotist  sp . 

.  CAEBABAA 

NEA 

CAABFA 

DB 

C  CN 

CKC 

CRDBA 

DJCBDJAA 

DFCBKADN 

EEADEDA 

1229. 

HYN 

Bacroxyela  sp . 

.  BACCAAAA 

BDB 

CAABFA 

DE 

DBCA 

CJE 

CBDBA 

BCSECEBBA 

CDEDDCCBA 

EICEEFA 

1230. 

HY« 

Aegaxyela*  sp . 

.  CAECABAA 

OCA 

CAABFA 

DB 

DBCN 

CKC 

CRDBA 

BC6EB0FRA 

EBFDBKADN 

EEADEDA 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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1231.  HYM  Xyela  linor  .  CABCAAAA  BOB 

1232.  HYM  Aega lodoatus  spissiconis*.  .  CAECABAA  KCA 

1233.  HYM  ifeurotoaa*  sp . CAECABAA  KEA 

1234.  HYM  Paaphilius  paiiipes* . CAECABAA  KCA 

1235.  HYM  Abia  aiericana* . CAECABAA  MCA 

1236.  HYM  Ciabex  axericana* . CAEBABAA  MCA 

1237.  HYH  Tricbiosoaa  sorbi * . CAECABAA  MCA 

123B.  HYH  Hopiocaxpa  brevis * . CAEBABAA  MCA 

123?.  HYH  Hopiocaxpa  halcyon . CACBAAAA  CDB 

1240.  HYH  Macropbya  piuricincta  ....  CACBAAAA  6DB 

1241.  HYH  Pier ot idea  ribesiii  .  CAECABAA  MCA 

1242.  HYM  Pristipbora  ericbsoaii.  .  .  .  CACBAAAA  CDB 

1243.  HYM  Pristipbora  ericbsoaii *  .  .  .  CAECABAA  MCA 

1244.  HYM  Urge  ladeayi* . CAECABAA  MCA 

1245.  HYM  Bolerus  sitilis* . CAECABAA  MCA 

1246.  HYM  Blasticotoxa  filiceti*.  .  .  .  CAECABAA  OCA 

1247.  HYM  Acordulecera*  sp . CAECABAA  MCA 

1248.  HYM  Diprion  bercyniae* . CAECABBA  MCA 

1249.  HYH  Xipbydria  caxelus* . CAECABAA  MCA 

1250.  HYM  Sirex  cyaneus*.  .......  CAECABAA  MBA 

1251.  HYH  Trexex  coluxba*  .  CAECABAA  MAA 

1252.  HYH  flrussus  occidental's*  ....  CAECAAAA  NAA 

1253.  HYH  Janus  coxpressus* . CAECABAA  OCA 

1254.  HYH  Apaateles  flavipes* . AAECAABA  AAA 

1255.  HYM  Apanteles  gloxeratus . CACBAAAA  CDB 

1256.  HYH  Batbyaulax  aiaii . -  CACBAAAA  CDB 

1257.  HYM  Brecon  jelecbiae* . AAECAABA  MAA 

1258.  HYM  Rbogas  testaceous* . AAECAABA  AAA 

1259.  HYH  Stenobracon  dess ae*  .....  AAECAABA  MAA 

1260.  HYM  Ealiaieria  crassifeiur*  .  .  .  AAECAABA  AAA 

1261.  HYH  Piapla  nucux*  .  AAECAABA  MAA 

1262.  HYM  Yorides*  sp . AAECAABA  MAA 

1263.  HYH  4griotyp«s  araatos*  .  AAECABAA  MCA 

1264.  HYH  Apoxyx  penyai  .  CBBCAAAA  CDB 

1265.  HYH  Pseudogonalys  babni  .  CA  CAAAA  BDB 

1266.  HYM  Evania  appendigaster*  ....  AAECAABA  MAA 

1267.  HYM  Gasteruption  assectstor*.  .  .  AAECAABA  MAA 

1268.  HYM  Gasteruption  jacuiator.  .  .  .  CACBAAAA  CDB 

1269.  HYM  Aulacus  striaias*  .  AAECAABA  MAA 

1270.  HYH  Peleciaos  sp . CACBAAAA  BDB 

1271.  HYM  Pbaenoserpbus  viator*  ....  AAEBAABA  AAA 

1272.  HYM  Belarus  paradoxus* . CAEBAAAA  AAA 

1273.  HYM  Anarctopria  latigaster.  ,  .  .  CABBAAAA  IDB 

1274.  HYM  Platygaster  berrictii*.  .  .  .  CAEBAAAA  MAA 

1275.  HYH  Lygoceras  testaceiianus*.  .  .  AAECAABA  AAA 

1276.  HYH  Coiedo  larvarux . CAB  AAAA  IDB 

1277.  HYM  Bonodontoierus  dentipes  .  .  .  CABCAAAA  IDB 

1278.  HYM  leucopis  gigas . CBBCAAAA  IDB 

1279.  HYM  leucopis  bopei*  .  AAECAEBA  MAA 


■outhoart  loroholoov  data 

dietary 

III 

IV 

V 

VI 

VII 

VIII 

IX 

data 

CAABFA 

DB 

CSBA 

CIE 

CFDBA 

CCSGCEFKA 

DCSECBBCA 

E1AEEFA 

CAABFA 

DB 

DBCM 

CKC 

CRDBA 

BDGEBDOGA 

DCF  KA  M 

EEBDEDA 

CAACFA 

DB 

DBCH 

CKC 

CDDBA 

CE6EBDBKA 

DCFDBKADH 

EEADEDA 

CAABFA 

DB 

DBCM 

CKC 

CRDBA 

CDGEBCJKA 

DBFDJKADM 

EEADEDA 

CAABFA 

DB 

DBBM 

CKC 

CRDBA 

3D6EBCBBA 

DCFDBKADH 

EEADEDA 

CAACFA 

DB 

CBCM 

CKC 

CRDBA 

BC6ECCFKA 

ECFDBKADM 

EECDEDA 

CAABFA 

CB 

DBCH 

CKC 

CRDBA 

BCSEBDJKA 

FDBKADM 

EE  DEDA 

CAACFA 

DB 

DBSM 

CKC 

CRDBA 

BD6EBDFKA 

DCFDBKADH 

EEADEDA 

CAACFA 

DB 

DB8A 

CJE 

CBDBA 

BCSGCBBRA 

DC8EDBBCA 

EGABEFA 

CAACFA 

DE 

CBBA 

CIE 

CFDBA 

BD6BCEFRA 

CCSEDBCBA 

EG  BEFA 

CAABFA 

DB 

CBBH 

CKC 

CRDBA 

BCSFEDFKA 

DCFDBKADH 

EEADEDA 

CAABFA 

DB 

DBBA 

CJE 

CFBBA 

CCBBCEFRA 

DC6EDBCBA 

EG  BEFA 

CAACFA 

DB 

CBCM 

CKC 

CBDBA 

6CSEBDFKA 

ECFDBKADM 

EEADEDA 

CAACFA 

DB 

DBCM 

CKC 

CRDBA 

5CSCJDBBA 

FCBKADM 

EEADEDA 

CAACFA 

DB 

DBCH 

CKC 

CRDBA 

BCSEJCFRA 

DCFCJKADH 

EEADEDA 

CAABFA 

DB 

DBBM 

CKC 

CRDBA 

CCSEJD  A 

CFDJKADH 

EEBDEDA 

CAABFA 

DB 

BSM 

CKC 

CRDBA 

CDSEBDBBA 

DCFDBKADH 

EEADEDA 

CAACFA 

DB 

DBCH 

CKC 

CRDBA 

BCSFBDBKA 

DDFDBKADK 

EEADEDA 

CAABFA 

DB 

CBBH 

CKC 

CRDBA 

BCSDJDSKA 

DCFDBKADH 

RKCDEDA 

CAABFA 

DB 

DBCH 

CKC 

CRDBA 

CDBDBDBCA 

ECFEJKADM 

RGBBEFA 

CAABFA 

DB 

CBBH 

CKC 

CRDBA 

BCSBJDBBA 

DCFBJKADM 

RKCDEDA 

CAABFA 

DB 

CBBA 

CAC 

CBDBA 

BCAAAAAAA 

EBBAAAAAA 

ESADFDA 

CAABFA 

DB 

DBCM 

CKC 

CRDBA 

CCSEBDBKA 

DCFCBKADH 

EJADEDA 

BAABCA 

CE 

CBBM 

CKC 

CBPBA 

BCFBJDBAA 

ECFBJKADM 

ESADFDA 

CAABFA 

E 

CBBA 

CJE 

CFDBA 

BCBFEBJJA 

0C6DDBFBA 

E6CBEFA 

CAABFA 

DB 

CBBA 

CJE 

CBDBA 

BCSFCEBBA 

DCSDNCDBA 

EGCBEFA 

BAABCA 

DB 

CBBH 

CKC 

CBFBA 

BCJBJDBAA 

ECFBJKADM 

ETADFDA 

BAACCA 

AA 

CBBM 

CKC 

CFBBA 

BCJBJDBAA 

DBFBJKADM 

ETADFDA 

BAABCA 

AA 

CBBH 

CKC 

CBFBA 

BCJBJDBAA 

ECFBJKADM 

ETBDFDA 

BAABCA 

AA 

CBBM 

CK 

CBDBA 

BCAAAAAAA 

DCFBJKADM 

ESADFDA 

BAACFA 

DB 

DBBM 

CKC 

CBPBA 

BCFCJDAAA 

BSBAAKAAH 

EQADEDA 

BAACFA 

CE 

DBBH 

CKC 

CBOBA 

BCJBJDBAA 

ECFBJKADM 

EQADEDA 

CAABFA 

DB 

DBBM 

CKC 

CBDBA 

CCJBJDBAA 

ECFBJKADM 

EQADEDA 

CAABFA 

CB 

BB6A 

CJE 

CFDBA 

C  BFCEHJA 

C  6EDKJBA 

E  DEFC 

CAACFA 

CB 

BBGA 

CB 

CRDBA 

CCSFCEHJA 

DCGDHHJBA 

E  DEFA 

BAABCA 

AA 

CBBH 

CKC 

CBDBA 

BBFBJDAAA 

DBFBJKADM 

ETBBFDA 

CAABFA 

DB 

DBCH 

CKC 

CBDBA 

CCFBJDAAA 

ECFBJKADM 

ESBDEDA 

CAABFA 

DB 

DBEA 

CJE 

CDOBA 

CCB6CEJCD 

CDGEDFBBK 

HHBCEFA 

BAABCA 

CE 

CBCM 

CKC 

CBDBA 

CCJEJDBAA 

ECFCJKADH 

ETABFDA 

CAABFA 

DB 

DB  A 

COE 

CFDBA 

BCSFCE  A 

DCFDD  ABA 

6GCBEFB 

CAABCA 

CE 

AAAA 

CAA 

COBBA 

BBAAAAAAA 

DBAAAAAAA 

BSABFDA 

BAABCA 

AA 

AAAA 

CAA 

COBBA 

AAAAAAAAA 

AAAAAAAAA 

PTABFDA 

CAABFA 

CB 

AAAA 

CJA 

CFBBA 

CDCCB  A 

C  FDD  ABA 

ESABFFA 

CAABCA 

AA 

AAAA 

CAA 

CFBBA 

CBJBJDAAA 

DBBBJOADA 

ESABFDA 

CAABCA 

AA 

DBBA 

CAA 

COBBA 

AAAAAAAAA 

EBAAAAAAA 

PSABFDA 

CAABFA 

DE 

CBBA 

CJE 

CDFBA 

BCJCICJAK 

CCFBLEACN 

GEABEFB 

CAABFA 

DB 

CBBA 

CJB 

CBDBA 

CCSEDBFRK 

CDFDCEACN 

SG  BEFA 

CAABFB 

CE 

AAAA 

CJB 

CBDBA 

CCJEDBJAK 

CCFDDSABN 

H1BEEFB 

BAABCA 

DE 

DBEA 

CPC 

CBPBA 

AAAAAAAAA 

BCAAAAAAA 

ETADFDA 
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1280.  HYK  Axiia  zab riskiti*  .  AAECADBA  HAA 

1281.  HYH  Ceratosoiea  acaleatas  ....  CBBBAAAA  IDB 

1282.  HYK  Haosycopbila  oaaoaorpba  .  .  .  CACBAAAA  IDB 

1283.  HYH  Slastopbaga  psenes . CABBAAAA  IAD 

1284.  HYH  Xasoaia  vitripeaais* . AAECAABA  HAA 

1285.  HYH  Sienoialus  liparae*  .  AAEBAAB6  HAA 

1286.  HYH  Perilaapas  cbrysopae*  ....  AAECAABA  HAA 

1287.  HYH  Perilaipella  rapbidopborat.  .  CABCAAAA  IDB 

1238.  HYH  Scbizaspidia  teaaicorais*  .  .  AAEAAABA  HAA 

1287.  HYH  Aracbnopbaga  picea* . CAECAABA  HAA 

1270.  HYH  Isodroaas  iceryae* . AAEBAABA  AAA 

1271.  HYK  Ifyiocaeaa  coiperei . CABBAAAA  IDB 

1272.  HYH  hiqalio  leditsrraneus*  .  .  .  AAEBAABA  HAA 

1273.  HYH  Tetrasticbus  cbrysopae*  .  .  .  AAEBAABA  AAA 

1274.  HYH  Apseudograna  popei . CABBAAAA  IDB 

1275.  HYH  Aaagras  incaraafas* . CAEBAAAA  AAA 

1276.  HYH  Ibalia  leacospoiies* . AAECAABA  HAA 

1277.  HYH  Figites  aatboayiaraa*  ....  CAEBAAAA  HAA 

1278.  HYH  Xbodites  rosae*  .  AAECAABA  HAA 

1277.  HYH  Plaiarias  sp . CABBAAAA  FAD 

1300.  HYH  Cbrysis  sbaagbaieasis*.  .  .  ,  AAECAABA  AAA 

1301.  HYH  Tetrodoatocbelys  Ijaagbii  .  .  CABCAAAB  IDB 

1302.  HYH  Scolebytbas  aadecassas.  .  .  .  CABCAAAA  IOD 

1303.  HYH  Parasieroia  gallicola*.  .  .  .  AAEBAABA  HAA 

1304.  HYH  Pristocera  araifera . CABCAAAA  IDD 

1305.  HYH  flapbroptera  erythrur a*  .  .  AAEBAABA  HCA 

1306.  HYK  Fedtscbeakia  gross a  .  CCC  BAAA  NDB 

1307.  HYH  Kutilla  Imulata* . AAECAABA  HAA 

1308.  HYH  Bradynobaenas  sp . CBCBAAAA  IDD 

1307.  HYH  Xbopalosoaa*  sp . AAECAABA  HCA 

1310.  HYH  dipogoa  sayi*  . . AAECAAAA  HAA 

1311.  HYH  Pepsis  tbisbe* . AAECAABA  HAA 

1312.  HYH  Pseadageaica  carboaaria*.  .  .  AAECAABA  HAA 

1313.  HYH  Apbaeaogastar  sabterraaea*.  .  AAECAABA  HAA 

1314.  HYH  4tta  sexdeas . CACBAAAA  IAD 

1315.  HYH  Caiponoius  ligaiperda  ....  CABBAAAA  IAD 

1316.  HYH  Caapoaotas  sagas* . AAECAABA  HAA 

1317.  HYH  Cataglypbis  bicolor  .  CABBAAAA  IDD 

1318.  HYH  Bolicboderis  gar  be i  .....  CABBAAAA  IAD 

1317.  HYH  Boryhs  uilmtbi . CAEBAAAA  IAA 

1320.  HYH  Ectioa  burcbelli . CCBBAAAA  IAB 

1321.  HYH  Foriica  rafa*  .  AAECAABA  HAA 

1322.  HYH  Xessor  stractor  .  .  CACBAAAA  IAD 

1323.  HYH  Oecopbyila  siarogdiaa  ....  CACBAAAA  IAD 

1324.  HYH  Paltotbyreas  tarsatas  ....  CACBAAAA  IAD 

1325.  HYH  Scolia  bideas  .  CCCCBAAA  FDB 

1326.  HYH  Paragia  odyneroides  .....  CDCCCAAA  IDB 

1327.  HYH  Euaenes  uagiiiciilusf . AAECAABA  HAA 

1328.  HYH  Polistes  gafliacas* . AAECABBA  HAA 
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Ill 

IV 

V 

VI 

VII 

VIII 

IJ 

data 

BAABCA 

AA 

BBBA 

CAA 

CFBBA 

GBAAAAAAA 

AAAAAAAAA 

ECCDEDA 

CAACFB 

CE 

DEHA 

CJE 

CDNBA 

CCJCISIAK 

BBBAAEAAN 

GGABEFB 

CAABFA 

AA 

AAAA 

CIA 

CDDBA 

CCGEBCFCK 

DCGDBCBCN 

EFADEFC 

BAABFA 

CA 

AAAA 

CAA 

CBDBA 

BBBAAAFAA 

CBBAACAAA 

EGABEFC 

BAABCA 

DE 

DBBA 

CPC 

CBBBA 

BBFBJDAAA 

DBEBJAADA 

EQCDFDA 

BAA8CA 

DE 

DBBH 

CKC 

CFBBA 

BBFBJOAAA 

ECFSJKADH 

ETADFDA 

BAABCA 

BE 

AAAA 

CPA 

COBBA 

BBAAAAAAA 

DBAAAAAAA 

ETABFDA 

CAABFA 

CE 

AAAA 

CJA 

CDDBA 

CD6CBBBA 

C  FDD  ABA 

E  EFB 

ABBCCB 

AA 

CEEA 

CGC 

AAAAA 

BBAAAAAAA 

BBAAAAAAA 

PTABFDA 

CAABCA 

CB 

AAAA 

CAA 

COBBA 

AAAAAAAAA 

DBAAAAAAA 

BSABFDA 

CAABCA 

AA 

AAAA 

CAA 

COBBA 

AAAAAAAAA 

AAAAAAAAA 

PTABFDA 

CAABCA 

CB 

CBIA 

CJE 

CBDBA 

BBJDCBPAA 

CBECDAACA 

ERABFFB 

CAABCA 

CB 

AAAA 

CAA 

COBBA 

AAAAAAAAA 

DBAAAAAAA 

PFABEDA 

CAABCA 

AA 

AAAA 

CAA 

COBBA 

AAAAAAAAA 

AAAAAAAAA 

BTABFDA 

CAABCA 

CB 

CBIA 

CJE 

CROBA 

BBJCFCPAA 

CBECBAACA 

ERABFFB 

BAABCA 

AA 

AAAA 

CAA 

COBBA 

AAAAAAAAA 

AAEBCAADA 

BSCBFDA 

CAABCA 

DB 

DBCH 

CKC 

CBDBA 

3CAAAAAAA 

DBBAAKAAH 

ESADFOA 

AAABCA 

AA 

AAAA 

DAA 

AAAAA 

AAFBJDAAA 

AAEBJAADA 

GSABFDA 

CAABFA 

DB 

DBGH 

CKC 

CRBBA 

BBJBJDAAA 

ECBAAKAAH 

EEADEDA 

BAABCA 

CB 

DBGA 

CJC 

CFDBA 

CCFFCBAAK 

DBEDDAABN 

E  BFB 

BAABCA 

DB 

DBIH 

CKE 

CBDBA 

BBJBJDBAA 

DBFBJKADH 

PTABFDA 

CAABFA 

DB 

CB  A 

CJ 

CFDBA 

BCGCCCFRA 

CBFCDEACA 

GBADEFB 

CAABCA 

DB 

AAAA 

CJA 

CCDBA 

BCFGCCAAA 

CBEEDAACA 

FB 

CAABCA 

AA 

AAAA 

CAA 

COBBA 

CBJBJDBAA 

DBFBJBADA 

PTADFDA 

BAABFA 

DB 

AAAA 

CJA 

CFDBA 

BCJGCBFBK 

DCFDDFABN 

E9ABEFC 

BAABCA 

DB 

CBCH 

CKC 

CBDBA 

BCJBJDBAA 

DCFCJKADH 

PTAOFDA 

CDABCB 

CE 

B  J 

CJK 

CFDBA 

CDJGEBKAJ 

BDFENGABK 

IGCBEFB 

CAABCA 

DB 

DBCH 

CKC 

CFDBA 

BCJBJDBAA 

DBFBJKADH 

PTADFDA 

BAABCA 

CB 

DBBA 

CJH 

CBDBA 

CCFCJDAAK 

DCGDDCCCN 

E  FB 

CAABCA 

DE 

DBCH 

CKC 

CBIBA 

CC6BJDGRA 

DBGBJKEDH 

PTABFDA 

CAABCA 

DE 

DBFH 

CKC 

CBDBA 

BCGBJDGLA 

E8FBJKADH 

E6BDG0A 

CAABCA 

AA 

DBBH 

CKC 

CRDBA 

SBG6JDGLA 

EBFBJKADH 

ESBDGDA 

CAABCA 

DE 

DBCH 

CKC 

CBDBA 

BCGBJDGBA 

EBFBJKADH 

ETABFDA 

BAABCA 

CB 

CBBA 

CBC 

CBDBA 

BCGBJDGBA 

DBFBJBADA 

EQCD6DA 

BAABCA 

CB 

DBBA 

CJC 

CFDBA 

CCGECBIJK 

CDGCDEEFN 

GQADGFD 

BAABCA 

DB 

DBCA 

CJN 

CFDBA 

CDGGCEIJK 

CDGEDEDFN 

G&CDBFD 

BAABCA 

CE 

CBGA 

CBC 

CBDBA 

BCGBJDGRA 

DBFBJBADA 

EDAB8DA 

BAABCA 

OB 

CBGA 

CJN 

CFDBA 

CDGGCEIJK 

CD6EDEDFN 

GSCD6FD 

BAABCA 

DB 

B  A 

CJN 

CFDBA 

CDGGCEIJK 

CDGEDEDFN 

G6ABGFD 

BAABCA 

CB 

D  6A 

J 

CFDBA 

BC8CJDIHK 

CD6CDEDFN 

6QCD6F0 

BAABCA 

C3 

DBGA 

CJN 

CGDBA 

CCGCCBIJK 

DCSD  BDBN 

ESCDGFD 

CAABCA 

AA 

CBCH 

CKC 

CBDBA 

BCGBJDGLA 

DBGBJKFDH 

PSABSDA 

BAABCA 

DB 

DBCA 

CJN 

CFDBA 

CDGECEIJK 

CDGDDEDFN 

GCCDGFB 

BAABCA 

CB 

DBGA 

CJK 

CFFBA 

CBSFEEIJK 

CCGEKEDBN 

SDCDEFD 

BAABCA 

BB 

CBCA 

CJN 

CFDBA 

CCGECBIJK 

DD6EDEDFN 

88BDGFD 

CDABBB 

CB 

DBBJ 

BJK 

CFFBA 

CEJ6CBKAJ 

BDGENGGCK 

IGCBEFB 

CDABBB 

CB 

BBBJ 

BJB 

CNDBA 

BCGGEEKJJ 

DC6EN66BK 

IG  BEFB 

CAABCA 

DB 

DBBA 

CBC 

CBDBA 

CCGBJD6BA 

DBFBJBADA 

ETABFDA 

CAABCA 

DE 

DBBH 

CKC 

EFDBA 

BCJBJDBAA 

DBFBJKADH 

EQC3EDA 
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132?.  HYH  foliate;  olivaceous  .  CACBAAAA  IDS 

1330.  HYR  Vespa  vulgaris . EBCBAAAA  IDB 

1331.  HYH  Vespula  geraanica  .  CBCCAAAA  IDB 

1332.  HYH  Kespuia  sykestris* . CAECABBA  HAA 

1333.  HYH  Aaaophila  cai pestris*  ....  CAECAABA  HAA 

1334.  HYH  Aiaopfiila  saklosa . CCCBBAAA  IDB 

1333.  HYH  Cbalybion  iengaiense . CBCBBAAA  IDB 

1336.  HYH  Prioayx  t betas . CCABAAAA  IDB 

1337.  HYH  Spbex  icheuaoneus . CCABAAAA  IDB 

1338.  HYH  Tacfiytes  <1  is  thetas . CBABAAAA  IDB 

133?.  HYH  Colletes  falgidus  .  CCACBAAA  IDB 

1340.  HYH  Oipbaglessa  gay i . CCCBBAAA  CDB 

1341.  HYH  Sylaeus  sp . CBCCBAAA  IDB 

1342.  HYH  flalictus  farinosus . CCABBAAA  IDB 

1343.  HYH  Boa ia  islander i  .  CDCCBAAA  IDB 

1344.  HYH  Spbecodes  sp . CCACBAAA  IDB 

1345.  HYH  Andrena  aiaetica . CCCCBAAA  IDB 

1346.  HYH  Andrena*  sp . CAECAABA  HAA 

1347.  HYH  Paaurqzs  sp . CCCCBAAA  IDB 

134B.  HYH  Protoxaea  qloriosa*  .  CAEBAABA  HAA 

1347.  HYH  Sacropis  sp . CCACBAAA  IDB 

1330.  HYH  Aatliidiua  atripes . CDACBAAA  IDB 

1351.  HYH  Fidelia  villosa* . CAECAABA  HAA 

1352.  HYH  begacbile  sp . CDABBAAA  IDB 

1353.  HYH  Osaia  sp . CDABBAAA  IDB 

1354.  HYH  Anthopftera  edeardsi . '  CDCBBAAA  IDB 

1355.  HYH  totbophora  staafordiana*.  .  .  CAECAABA  HAA 

1356.  HYH  Eucera  sp . CDCBBAAA  IDB 

1357.  HYH  Triepeoks  reaigaitis*  ....  CAEBAAAA  HAA 

1358.  HYH  Xykcopa  n'rginica* . CAECAABA  HAA 

1357.  HYH  Apis  telliiera . CDCBBAAA  IDB 

1360.  HYH  Apis  aeilifera*  .  CAECABBA  HAA 

1361.  HYH  Soaks  atericaaorut* . CAECAABA  HAA 

1362.  HYH  Soaks  vosnesenstii . CDCBBAAA  IDB 

1363.  HYH  Psitbyns  sp . CDABBAAA  IDB 

1364.  HYH  Trigona  cupira* . CAECAABA  HAA 

1365.  HYH  Trigona  scaptotrigoaa  ....  CDCCBAAA  IDB 
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CAABCA  CB  DBDA  CFE  CDDBA  CCGGCEIJK  CCGEDEEBN  G6CBEFA 

CDABBB  CB  BBNJ  BJK  CBDBA  CCBSEEIRJ  CCGEDGEFK  I4CEEFA 

CDABBB  CB  CB6J  BJK  CDHBA  CCGGCEHJJ  CCGEDGCFK  ISCEEOA 

CAABCA  CB  DBCH  CKE  CRDBA  BCGBJDGBA  DBFBJKADH  ESCEEDA 

CAABCA  DB  DBCH  CKC  CFDBA  BCGBJDGBA  BCFBJKADH  ESBDDDA 

CDABBB  CB  BB  J  BJK  CFDBA  BC6GCEKIJ  BCGEDGGFK  E&CEEFA 

CAABCB  CB  DBGA  CJC  CFLBA  CCGGEEIJK  CDGEHEJBN  GGCBEFA 

CDABBB  CB  CBEJ  BJK  CFDBA  CCGGCEKJJ  CDGBDG  CK  I&CEEFA 

CDABBB  DB  CBEJ  BJK  CFCBA  CCGGEEKJJ  CDGEHG  FK  I! BEEF A 

CDABBB  DB  DBEJ  BJB  CFDBA  CCGGCEKJJ  CDGEDGCFK  IGCBEFA 

CDABBB  CB  DSBJ  BJB  CFDBA  CCG6EBKJJ  CD6EDGEBK  IICEEFC 

CDABBB  CB  DB  J  BJB  CFDBA  CC6GIEKCJ  CDGEDGEFK  IGCBEFA 

CDABBB  CB  DB6J  BJB  CFDBA  CCGGCEKBJ  CD6EDGEBK  IICEEFA 

CDABBB  CB  DBGJ  BJB  CFDBA  CCGGCEKJJ  CD6ENGKFK  IHCCEFA 

CDABBB  CB  CBHJ  BJB  CFDBA  CCJ6CBKAJ  BDGEDG6BK  IGCBEFA 

CDABBB  CB  DB  J  BJB  CFDBA  CCJ6CEKAJ  CCGED6KBK  I1CDEFA 

CDABBB  CB  DBGJ  BJB  CFDBA  CCG6CEKJJ  3CGENGKBK  IGBBEFA 

BAABCA  DB  DBIH  CK  CFDBA  BCKBJDAGA  DBFBJKADH  E'CEBDA 

CDABBB  DBGJ  BJB  CFDBA  CCGGCEKBJ  BCGEDGGBK  IIBDEFA 

BAABCA  CB  CBJA  CKE  CFIBA  EBFBJDAAA  CBFBJKADH  E1CEDDA 

CDABBB  DB  J  BJB  CF  BA  CCGGCEKCJ  BCGEDGKFK  IS  BEFA 

CDABBB  CB  CBBJ  BJB  CFDBA  CCGFIEKCJ  BCGEH6EFK  IGCBEFA 

BAABCA  OB  OBEH  CKE  CBDBA  CBKBJDABA  DBFBJKADH  EHACDDA 

CDABBB  CB  CBBJ  BJB  CBDBA  CC6CIDKCJ  BCGEH8EFK  IGBBEFA 

CDABBB  DB  DBGJ  BJB  CFDBA  CCGDICKCJ  BDGEHGEFK  I6CBEFA 

CDABBB  CB  CBBH  BJB  CNABA  CCGGIBKCJ  BDGEHGEFK  IGCBEFA 

CAABCA  DB  DBBH  CKE  CBBBA  BC6BJDGBA  DBFBJKADH  EiCESDA 

CDABBB  DB  CBBJ  BJB  C  BA  CCGFIBKRJ  BDGEHGEFK  IGCBEFA 

BAABCA  AA  BBIA  CAA  CFABA  DBAAAAAAA  CCEBLAABA  ESADFDA 

BAABCA  DB  DBHH  CKE  CBDBA  CCKBJDABA  DBFBJKADH  EiCBEDA 

CDABBB  CB  DBGJ  BJB  CNABA  CCGBICKJJ  BDGEH6CFK  IGCBEFA 

BAABCA  CB  DBBH  CKE  CBBBA  BCKBJDABA  DBFBJKADH  ESABEDA 

BAABCA  DD  DECK  CKE  CBBBA  CBKBJDABA  DBFBJKADH  ESABEDA 

CDABBB  CB  DB6J  BJB  CNABA  CCGCICKJJ  BDGEHGCFK  IGCBEFA 

CDABBB  CB  DBGJ  BJB  CNABA  CCGCICKJJ  BDGEHGKFK  IG  BEFA 

BAABCA  DB  DBBH  CKE  CFDBA  CBKBJDABA  EBFBJKADH  ESABEDA 

CDABBB  CB  DB6J  BJB  CNLBA  CCGCICK  J  BDGEH6  BK  IiCDDFB 
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EXTANT  HEXAPOD  DIVERSITY 

{Faiilies  in  Orders,  Genera  in  Faiilies,  and  Species  in  Genera)* 


PROTURA 


Acerentoaidae 

13 

136 

Lepidiatidae 

20 

B0 

Pseudostignatidae 

5 

Proentoiidae 

7 

28 

Naindroniidae 

1 

3 

Sf.  Calopterygoidea 

Sinentonidae 

1 

1 

Nicoletiidae 

50 

150 

Aiphipterygidae 

4 

Eosentoiidae 

J 

105 

(4  faiilies) 

72 

320 

Chlorocyphidae 

17 

(4  -faiilies) 

22 

270 

Heliocharitidae 

4 

EPHEMEROPTERA 

Polythoridae 

9 

C0UEM0LA 

So.  Schistonota 

Epallagridae 

11 

So.  Arthrnpleona 

Sf.  Baetoidea 

Calopterygidae 

16 

ST.  Hypogastruoidea 

Siphlonuridae 

22 

123 

So.  Anisozygoptera 

Onychiuridae 

26 

300 

Aietropodidae 

1 

5 

Epiophlebiidae 

1 

Hypagastruridae 

29 

400 

Baetidae 

20 

520 

So.  Anisoptera 

Sf.  Entoiobryoidea 

Hetretopodidae 

2 

3 

Sf.  Aeshnoidea 

Entotobryidae 

85 

1200 

Oligoneuriidae 

1 

3 

Goiphidae 

84 

Isotoaidae 

76 

700 

Heptageniidae 

30 

380 

Petaluridae 

5 

Oncopoduridae 

3 

20 

Sf.  Leptophlebiioidea 

Aeshnidae 

47 

Toioceridae 

12 

80 

leptophlebiidae 

68 

380 

Sf.  Cordulegasteroidea 

So.  Neoarthropleona 

Sf.  Epheieroidea 

Cordulegasteridae 

6 

Srachystoiellidae 

22 

80 

Behningiidae 

3 

5 

Sf.  Libelluloidea 

flnuridae 

24 

170 

Potaaanthidae 

7 

27 

Synthenidae 

4 

Setanuridae 

5 

6 

Euthyplociidae 

7 

12 

Corduliidae 

43 

Neanuridae 

42 

250 

Polyiitarcyidae 

6 

70 

Libellulidae 

143 

Uchidanuridae 

3 

3 

Epheieridae 

8 

99 

(25  faiilies) 

579 

So.  Hetaxypleona 

Palengeniidae 

6 

31 

Poduridae 

1 

5 

So.  Pannota 

BLATTODEA 

Actaletidae 

2 

2 

Sf.  Epheierelloidea 

Cryptocercidae 

1 

So.  Syipleana 

Epheierellidae 

7 

163 

Blattidae 

44 

Neelidae 

3 

25 

Tricorythidae 

13 

122 

Polyphagidae 

39 

Siithuridae 

J6 

550 

Sf.  Caenoidea 

Blatellidae 

209 

115  faiilies) 

388 

3800 

Neoepheieridae 

3 

10 

Blaberidae 

155 

Caenidae 

9 

85 

(5  faiilies 

1448 

DIPLURA 

Baetiscidae 

1 

12 

So.  Rhabdura 

Sf.  Prosopistoiatoidea 

HAKT0DEA 

Sf.  Projapygoidea 

Prosopistoiatidae 

_1 

11 

Chaeteessidae 

1 

Anajapygidae 

1 

7 

(19  faiilies) 

227 

2200 

Hetallyticidae 

1 

Projapygidae 

1 

18 

Nantoididae 

1 

Sf.  Caipodeoidea 

DDQNATA 

Ereaiapbilidae 

2 

Procaipodeidae 

1 

1 

So.  Zygoptera 

Aaorphoscelidae 

11 

Caipodeidae 

31 

419 

Sf.  Lestinoidea 

Hyaenopodidae 

So.  Dicellurata 

Perilestidae 

6 

30 

Eapusidae 

8 

Japygidae 

30 

263 

Cblorolestidae 

8 

31 

dantidae 

263 

Parajapygidae 

1 

Lestidae 

8 

150 

(8  faiilies) 

330 

(6  faiilies) 

65 

748 

Sf.  Heiiphleboidea 

Heiiphlebiidae 

1 

1 

IS0PTERA 

ARCHAEOGNATHA 

Sf.  Coenagrionoidea 

Hastoteriitidae 

i 

Nachilidae 

35 

280 

Platystictidae 

4 

135 

Kaloteriitidae 

21 

fleinertellidae 

15 

134 

Negapodagrionidae 

37 

210 

Hodoteriitidae 

8 

(2  faiilies) 

50 

414 

Protoneoridae 

20 

230 

Rr.inoteraitidae 

13 

Platycneiidae 

23 

160 

Serritenitidae 

1 

THYSANURA 

Lestoideidae 

1 

2 

Teriitidae 

181 

Lepidotrictiidae 

1 

1 

Coenagrionidae 

72 

1100 

(6  faiilies) 

225 

20 

12 

125 

11 

60 

60 

175 

2 


810 

9 

390 

60 

32 

340 

950 

5100 


3 

525 

192 

1740 

1020 

3500 


1800 


1 

293 

30 

159 

l 

1505 

2000 
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BRYUDBLATTODEA 

Gaaphoaastacidas 

3 

27 

DERHAPTERA 

Gryl 1  obi attidae 

3 

13 

Biroellidae 

1 

26 

So.  Forficulina 

(1  -fsailyi 

Horabidae 

41 

243 

Sf.  PygidicranoidBa 

Sf.  Prosapoidea 

Pygidicranidaa 

16 

ORTHOPTERfl 

Prosopiidaa 

17 

130 

Karschiellidae 

2 

So.  Ensifera 

Sf.  Trigonopterygoidea 

Diplatyidae 

4 

Sr.  Stenopelaatoidea 

Boreacrididae 

2 

2 

Sf.  LabiduroidEa 

35 

lExinidas 

1 

10 

Trigonopterygidae 

3 

13 

.CarcinophoridaB 

StEr.opslaatidaE 

4 

33 

Sf.  Zyronotoidea 

Labiduridae 

7 

Coolooidas 

1 

2 

Xyronotidae 

1 

2 

ApachvidaE 

2 

Bryllacrididas 

74 

550 

Tanaaceridafi 

2 

3 

Sf.  FarficuloidEa 

35 

flianeraidaE 

40 

150 

Sf.  Pneuioroidsa 

Labiidae 

Sf.  Raphidophoroidea 

Pneuioridae 

9 

17 

ChBlisochidas 

15 

flacropathidae 

Sf.  Acridoidea 

Forficulidas 

68 

Raphidophoridas 

30 

250 

Paiphagodidae 

4 

5 

So.  HEiiiErina 

2 

Sf.  Hagloidea 

Paiphagidae 

80 

320 

HsiiBEridae 

Prophlangopsidaa 

2 

4 

Tristiridae 

19 

27 

So.  ArixEniina 

_ 2 

St.  Tettigonoidea 

Lathiceridae 

4 

5 

ArixEniidas 

Bradyporidae 

28 

200 

Pyrgoiorphidae 

144 

452 

(11  families) 

188 

AcridoxEnidas 

1 

2 

LentulidaE 

20 

40+ 

Phaneropteridac 

300 

2000 

OiiEXEChidae 

12 

31 

EHBIDPTERA 

2 

Pseudaphyllidae 

250 

1000 

Raaaleidae 

30 

200+ 

Clothidaa 

neconeaatidae 

29 

200 

Pauliniidas 

2 

4 

Eahiidae 

75 

Phasaodidae 

4 

4 

Acrididae 

1100 

7000+ 

HotoligotoaidaE 

4 

Phylloporidae 

10 

40 

Sf.  Tetrigoidea 

EabonychidaB 

1 

Itecopodidae 

57 

130 

Tetrigidae 

170 

850 

AnisBabiidae 

13 

Tettigoniidae 

80 

375 

Batrachidsidae 

14 

90 

Austral EobiidaE 

2 

Conocephalidae 

140 

1000 

Sf.  Tridactyloidea 

Oligotoiidas 

6 

Sf.  Schizodactyloidea 

RipiptErygidae 

2 

62 

TeratsebiidaE 

.15 

Schizodactylidae 

3 

7 

Tridactylidas 

7 

B0+ 

(8  faiilissl 

116 

St.  Gryllotalpoidea 

Sf.  CylindroachetoidEa 

Gryllotalpidae 

4 

45 

CylindrachstidaB 

2 

_ 7 

PLEC0PTERA 

Sf.  Grylloidea 

(63  fasiliss) 

3300 

18,700 

So.  ArctopErlaria 

Eryllidae 

100 

800 

Sf.  NEKuroidEa 

17 

Pentacentridae 

15 

50 

PHASNATDDEA 

MsaouridaE 

Trigonidiidae 

25 

275 

So.  TineiatodEa 

NotonBBOuridaB 

16 

Phalangopsidae 

40 

230 

Sf.  TinEiatoidEa 

CapniidaB 

16 

Eneopteridae 

78 

500 

TinEiatidas 

1 

9 

LauctridaE 

12 

Scleropteridae 

3 

14 

So.  Phasaatoidsa 

TaaniopterygidaE 

13 

Pteroplistidae 

1 

5 

Sf.  Bacilloidea 

ScopuridaE 

1 

Cachoplistidae 

1 

3 

BacillidaE 

52 

300+ 

Sf.  Subulipalpia 

48 

Kogoplistidae 

14 

184 

BacunculidaE 

52 

300 

PsrlidaE 

Myraecophilidae 

5 

45 

Sf.  PhylloidEa 

Psrlodidae 

40 

Oecanthidae 

3 

47 

Pbyllidae 

3 

20 

Chi oroperl idae 

18 

So.  CaelHera 

Sf.  NecroscerioidEa 

PsltopErlidaB 

13 

Sf.  Euaastacoidea 

NEcrosciidas 

70+ 

500 

PtEronarcyidaE 

3 

Chlorotypidae 

18 

70 

Heterocneaiidae 

19 

100+ 

So.  AnarctopErlaria 

Eruciidae 

22 

40 

Lonchodidae 

25 

200 

Sf.  EusthenoidEa 

ttastacideidae 

2 

8 

Pachyiorphidaa 

24 

200+ 

OiaaphipnoldaE 

2 

Euschaidtiidae 

40 

234 

Palophidae 

4 

10 

EusthEniibaE 

s 

Therideidae 

54 

204 

Sf.  Phasaatoidea 

Sf.  LBptoperloidEa 

Hiraculidae 

4 

21 

BactsriidaE 

17 

124 

AustropErlidaE 

9 

Episactidae 

4 

22 

PhasaatidaB 

B7 

500 

Sripoptsrygid?B 

37 

Euoastacidae 

18 

100 

(11  faiiliEs) 

354 

2300 

(15  families) 

251 

130 

12 

140 

300 

00 

14 

380 

72 

380 

11 

_ 5 

1500 


12 

250 

24 

1 

[3001 

2 

[2001 

[12001 

2000 


400 

40 

250 

200 

100 

2 

375 

250 

125 

35 

13 


5 

17 

12 

120 

2000 
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ZORAPTERA 

ANOPLURA 

Hypsipterygidae 

1 

3 

Zorotypidae 

1 

24 

Echlnophthiri idae 

5 

12 

Schiaopteridae 

33 

155 

(1  faaily) 

Enderleinellidae 

5 

49 

So.  Nepoaorpha 

Haeaatopinidae 

1 

22 

Sf.  Nepaidea 

PSDCOPTERA 

Haaoplithiriidae 

1 

1 

Nepidae 

12 

200 

So.  Trogioaorpha 

Hoplopleuridae 

5 

132 

Belostoaatidae 

8 

100 

Sf.  Atropetae 

Kybophihiridae 

1 

1 

Sf.  Carixoidea 

Lepidopsocidae 

15 

144 

Linognattiidae 

3 

70 

Corn  idae 

40 

300 

Trogiidae 

5 

24 

Hicrothoraciidae 

1 

4 

Sf.  Selastocoroidea 

Psoquillidae 

4 

22 

Keolinognatludae 

1 

2 

Selastocoridae 

2 

150 

Sf.  Psocatropetae 

Pecaroecidae 

1 

1 

Dchteridae 

3 

32 

Psyllipsocidae 

4 

26 

Pedicinidae 

l 

16 

Sf.  Naucoroidea 

Prionoglaridae 

1 

2 

Pediculidae 

1 

2 

Naucoridae 

36 

150 

So.  Troctoiorpha 

Polyplacidae 

14 

175 

Aphelocheiridae 

1 

20 

Sf.  Nanopsocetae 

Pthiridae 

1 

2 

Sf.  Notonectoidea 

Liposcelidae 

8 

144 

Rateiiidae 

_1 

2 

llotonectidae 

9 

200+ 

Pachytroctidae 

6 

51 

(15  taailies) 

42 

491 

Pleidae 

3 

20+ 

Sphaeropsocidae 

2 

12 

Nelotrephidae 

12 

15+ 

Sf.  Aaphientoaetae 

NAU.OPHABA 

So.  Berroaorpha 

Aaphientoaidae 

13 

62 

So.  Aablycera 

Hesoveliidae 

7 

30+ 

Husapsocidae 

1 

5 

Nenoponidae 

69 

750 

Hydroaetridae 

7 

100 

Troctopsocidae 

4 

11 

Laeaabothridae 

1 

40 

Hebridae 

6 

120 

Kanicapsocidae 

3 

5 

Ricinidae 

3 

50 

Paraphrynoveliidae 

1 

2 

Coapsocidae 

2 

2 

Boopidae 

9 

25 

Hacraveliidae 

3 

3 

So.  Psocoaorpha 

Triaenoponidae 

7 

20 

Veliidae 

29 

420 

St.  Epipsocetae 

Abrocoaophagidae 

1 

1 

Fladeoveliidae 

1 

1 

Epipsocidae 

4 

B9 

Syropidae  - 

8 

80 

Serridae 

56 

450+ 

Dubellapsocidae 

3 

17 

So.  Ishnocera 

Heraatobatidae 

2 

10 

Spurostigaatidae 

2 

1! 

Trichodectidae 

20 

300 

So.  Leptopodoaorpha 

Philoneuridae 

4 

21 

Philapteridae 

122 

1500 

Oaaniidae 

2 

4 

St.  Caecilietae 

Heptapsogasteridae 

18 

200 

Saldidae 

19 

230 

Asiopsocidae 

1 

2 

So.  Rhynchopthirina 

Leotichiidae 

1 

2 

Caeciliidae 

17 

355 

Haeaatoayzidae 

_i 

2 

Leptopodidae 

5 

24 

Aaphipsocidae 

10 

90 

(11  taailies) 

259 

3000 

So.  Ciaicoaorpha 

Stenopsocidae 

4 

43 

Thauaastocoridae 

6 

15 

Polypsocidae 

2 

18 

THYSANOPTERA 

Ooppeicidae 

1 

1 

St.  Hoailopsocoidea 

So.  Terebrantia 

Sf.  Tingoidea 

Elipsocidae 

21 

74 

Aeolothripidae 

30 

230 

Tingidae 

235 

1800 

Philotarsidae 

7 

143 

Heterothripidae 

12+ 

80+ 

Vianaididae 

5 

5 

Kesopsocidae 

5 

34 

Herothripidae 

4 

20 

Sf.  Niroidea 

lachesillidae 

4 

107 

Thripidae 

200 

1500 

Hiridae 

1000 

10,000 

Peripsocidae 

? 

113 

So.  Tubulitera 

fti  crcphysi  dae 

7 

25 

Ectopsocidae 

3 

124 

Phlaeothripidae 

300 

(70003 

Sf.  Ciaicoidea 

Heaipsocidae 

2 

14 

(5  taailies) 

550 

8800 

Velocipedidae 

2 

4 

Calopsocidae 

4 

9 

Kedocostidae 

1 

2 

Pseudocaeciliidae 

15 

117 

HETERQPTERA 

Nab idae 

40 

300 

Trichopsocidae 

1 

5 

So.  Enicocephaloaorpha 

Plokiaphilidae 

4 

13 

Archipsocidae 

3 

53 

St.  Enicocephaloidea 

Anthocoridae 

B0 

500 

St.  Psocetae 

Enicocephalidae 

38 

130 

Ciaicidae 

23 

75+ 

Psocidae 

31 

494 

So.  Dipscoaorpha 

Polyctenidae 

5 

31 

Thrysophoridae 

2 

22 

St.  Dipscoroidea 

Sf.  Reduvoidea 

Psilopsocidae 

1 

6 

Dipscocoridae 

2 

20 

Pacbynoaidae 

4 

15 

Ryopsocidae 

4 

103 

Ceratocoabidae 

6 

30 

Reduviidae 

1000 

5000+ 

(37  taailies) 

222 

2600 
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So.  Pentatoaorpha 

Flatidae 

212 

1000 

Diaspididae 

J50 

1500 

Sf.  Aradoidea 

Derbidae 

120 

800 

(55  faailies) 

5200 

45,400 

Aradidae 

150+ 

1000+ 

Achilixiidae 

3 

9 

Teraitaphididae 

Z 

9 

Keenoplidae 

11 

80 

HE8AL0PTERA 

Idiostolidae 

3 

4 

Kinnaridae 

8 

42 

Corydalidae 

14 

200 

Piesaatidae 

4 

20 

Dictyopharidae 

130 

540 

Sialidae 

4 

40 

Colobathristidae 

22 

90 

Gengidae 

2 

2 

(2  faailiesl 

20 

.240 

Berytidae 

35 

100+ 

Nogadinidae 

41 

140 

Halcidae 

3 

20+ 

Hypochthonellidae 

1 

1 

RAPHIDGIDEA 

Lygaeidae 

474 

3000+ 

Sf.  Cercopoidea 

Raphidiidae 

3 

75 

Pyrrhocoridae 

38 

300+ 

Cercopidae 

330 

2300 

Inocellidae 

2 

J5 

Largidae 

15 

100 

Sf.  Cicadoidea 

(2  faailies) 

5 

100 

Sf.  Coreoidea 

Cicadidae 

140 

1500 

Stenocephalidae 

2 

33 

Sf.  Cicadelloidea 

PLANIPENNIA 

Hyocephalidae 

1 

1+ 

Cicadellidae 

1500 

20,000 

Sf.  Ithonoidea 

Corei dae 

250 

1800 

Sf.  Iteabracoidea 

Ithonidae 

4 

22 

Alydidae 

42 

250 

tteabracidae 

320 

2400 

Polystoechotidae 

3 

3 

Rhopalidae 

18 

142 

Aetalionidae 

8 

50 

Sf.  Coniopterygoidea 

Sf.  Pentatoioidea 

Biturritiidae 

4 

10 

Coniopterygidae 

19 

250+ 

Thauaastellidae 

1 

2 

Nicoaiidae 

5 

15 

Sf.  Hantispoidea 

Urostylidae 

4 

90 

So.  Sternorrhyitcha 

Dilaridae 

[101 

48 

Plataspidae 

40 

500 

Sf.  Psylloidea 

Berothidae 

23 

57 

Aphylidae 

1 

2 

Psyllidae 

150 

1300 

HantUpidae 

15+ 

250 

Lestoniidae 

1 

3 

Sf.  Aleyrodoidea 

Sf.  Osayloidea 

Cydnidae 

71 

300+ 

Aleyrodidae 

124 

1154 

Keurerthidae 

3 

9 

Thyreocoridae 

9 

100+ 

Sf.  Aphidoidea 

Osaylidae 

25 

100+ 

Hegarididae 

1 

14 

Aphididae • 

350 

3500 

Sisyridae 

3 

48 

Canopidae 

1 

8 

Adelgidae 

3 

50 

Sf.  Heaerobiaidea 

Scutelleridae 

100 

400 

Phylloxeridae 

12 

40 

Heaerobiidae 

80 

800+ 

Dinidoridae 

12 

100+ 

Sf.  Coccoidea 

Cbrysepidae 

90 

1500+ 

Tessaratoaidae 

37 

243 

If.  Archaeococcoidea 

Sf.  Hyraeleontoidea 

Euaenotidae 

1 

3 

Ortheziidae 

4 

81 

Psychopsidae 

3 

4 

Pentatoaidae 

400 

5000 

Kargarodidae 

50 

250 

Neaopteridae 

40 

130 

Acanthosoaatidae 

12 

180+ 

Phenacoleachiidae 

2 

2 

Ryaphidae 

4 

15 

Phloeidae 

_ 2 

_ 3 

If.  Neococcoidea 

Ascalaphidae 

45 

400 

(74  faailies) 

4500 

34,500 

Stictococcidae 

3 

15 

Stilbopterygidae 

3 

9 

Pot oi dae 

3 

48 

Myraeleontidae 

300+ 

400+ 

HORQPTERA 

Pseudococcidae 

ISO 

1100 

(17  faailies) 

700 

4200 

So.  Coelorrhyncha 

Coccidae 

90 

1000 

Peloridiidae 

10 

20 

Aderdidae 

3 

50 

COLEOPTERA 

So.  Auchenorrhyncha 

Dactyloppidae 

1 

9 

So.  Archosteaaata 

Sf.  Fulgoroidea 

Kertesidae 

4 

48 

Gasatidae 

3 

5 

Cixiidae 

120 

1000 

Cryptococci dae 

2 

5 

Cupedidae 

4 

21 

Tettigoaetridae 

12 

70 

Eriococcidae 

50 

350 

nicroaalthidae 

1 

1 

Delphacidae 

150 

1300 

Apioaorphidae 

3 

42 

So.  Hyxophaga 

Eubrachyidae 

31 

130 

Kerridae 

7 

45 

Lepiceridae 

1 

2 

Fulgoridae 

120 

700 

Beesoniidae 

2 

3 

Torridincolidae 

4 

25 

Achilidae 

100 

350 

Lecanodiaspididae 

9 

71 

Sphaeriidae 

1 

18 

Tropiducbidae 

UO 

300 

Cerococcidae 

3 

44 

Hydroscaphidae 

3 

13 

Issidae 

210 

1000+ 

Asterolecaniidae 

23 

200 

So.  Adephaga 

Lophopidae 

41 

120 

Conchaspididae 

2 

23 

Rhysodidae 

18 

150 

Acanaloniidae 

13 

81 

Phoenicococcidae 

2 

2 

Carabidae 

1500 

30,000 

Ricaniidae 

41 

120 

Haliaococcidae 

4 

17 

Haliplidae 

4 

200 
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Aaphizoidae 

1 

5 

Lianichidae 

Hygrobiidae 

1 

4 

Utrochidae 

Noteridae 

12 

175 

Dryopidae 

Dytiscidae 

120 

3000 

Elainthidae 

Syrinidae 

So.  Polyphaga 

Sf.  Staphylinoidea 

11 

700 

Psephenidae 

Sf.  Elateroidea 
Arteaatopidae 

Hydraenidae 

15 

400 

Ceropbytidae 

Ptiidae 

47 

430 

Elateridae 

Agyrtidae 

S 

40 

Cebrionidae 

Leiodidae 

250 

2000 

Throscidae 

leptinidae 

3 

4 

Perothopidae 

Platypsyllidae 

1 

1 

Eucneaidae 

Scydaacnidae 

75 

2000 

Rhinarhipidae 

tlicropeplidae 

3 

43 

Sf.  Cantharoidea 

Dasyceridae 

1 

11 

Brachypsectridae 

Silphidae 

U 

175 

Cneoglossidae 

Staphylinidae 

1500 

30,000 

Hoaalisidae 

Pselaphidae 

Sf.  Hydrophiloidea 

450 

5000 

Lycidae 

Drilidae 

Hydrcphilidae 

125 

2000 

Phenogodidae 

6eoryssidae 

1 

25 

Telegeusidae 

Sphaeritidae 

1 

3 

laapyridae 

Synteliidae 

1 

4 

Oaethidae 

Histeridae 

Sf .  Eucinetoidea 

200 

3000 

Cantharidae 

Sf.  Deraestoidea 

Eucinetidaa 

5 

30 

Derodtmtidaa 

Claibidae 

5 

50 

Nosodendridae 

Scirtidae 

Sf.  Dascilloidea 

30 

400 

Deraestidae 

Oacobsoniidae 

Dascillidae 

15 

80 

Sf.  Bostrichoidea 

Rhipiceridae 

Sf.  Scarabaeoidea 

5 

50 

Bostricbidae 

Anobiidae 

Lucanidae 

100 

1200 

Ptinidae 

Passalidae 

27 

500 

Sf.  Lyaexylaidea 

Trogidae 

5 

300 

Lyaexylidae 

Ceratocanthidae 

20 

200 

Sf.  Cleroidea 

Pleocoaidae 

1 

35 

Phoiophilidae 

Geotropidae 

45 

400 

Tragossitidae 

Qiphyllostoaatidae 

1 

3 

Chaetosoaatidae 

Scarabaeidae 

Sf.  Byrrhoidea 

2000 

25,000 

Cleridae 

Pftycosecidae 

Byrrhidae 

Sf.  Boprestoidea 

23 

300 

Acanthocneaidae 

ttelyridae 

Buprestidae 

Sf.  Dryopoidea 

400 

15,000 

Sf.  Cucujaidea 
Protocucujidae 

Eulichadidae 

2 

12 

Sphindidae 

Callirhiphidae 

B 

150 

Nitulidae 

Ptilodactylidae 

35 

300 

Rhizopbagidae 

Chelonariidae 

2 

300 

Boganiidae 

Heteroceridae 

15 

300 

Phloaostichidae 

Helotidae 

Cucujidae 

30 

200 

Cavognathidae 

4 

4 

1 

15 

Cryptophagidae 

30 

400 

12 

200 

Propalticidas 

2 

35 

90 

700 

Laaingtoniidae 

1 

l 

20 

100 

Hob3rtiidae 

1 

1 

Languriidae 

80 

900 

8 

40 

Erotylidae 

30 

2500 

1 

7 

Phalacridae 

55 

400 

400 

9000 

Cerylonidae 

55 

450 

11 

170 

Corylaphidae 

35 

400 

4 

190 

Discolcaidae 

18 

400 

1 

3 

Coccinellidae 

500 

4500 

190 

1200 

SphaErosoaatidae 

l 

50 

1 

1- 

Endosychidae 

120 

1300 

Lathridiidae 

25 

500 

1 

3 

Biphyllidae 

4 

200 

1 

7 

Bituridae 

7 

25 

1 

10 

Sf.  Tenebrionoidea 

150 

3500 

Hycetophagidae 

13 

200 

4 

80 

Tetratoaidae 

4 

25 

35 

200 

Ciidae 

40 

550 

2 

4 

Kelandryidae 

30 

450 

too 

2000 

ttordellidae 

100 

1200 

4 

10 

Rhipiphoridae 

35 

400 

135 

5000 

Archaeocrypticidae 

5 

22 

Pterogeniidae 

2 

S 

4 

19 

Colydiidae 

180 

1300 

1 

50 

nonoaaidae 

12 

225 

45 

350 

Zopheridae 

24 

125 

4 

7 

Periaylopidae 

4 

8 

Chalcodryidae 

4 

4 

90 

700 

Tenebrionidae 

1700 

18,000 

140 

1400 

Cephaloidae 

7 

20 

40 

450 

Heloidae 

120 

3000 

Dedoaeridae 

100 

1000 

4 

50 

Prostoaidae 

2 

20 

Synchroidae 

2 

10 

1 

1 

Hycteridae 

30 

140 

40 

400 

Baridae 

2 

5 

2 

2 

Trichentoaldae 

2 

15 

150 

4000 

Pythidae 

14 

50 

1 

4 

Pyrochroidae 

10 

100 

1 

l 

Salpingidae 

42 

350 

200 

5000 

Anthicidae 

too 

3000 

Euglenidae 

35 

1100 

1 

3 

Scraptiidae 

30 

400 

4 

35 

Sf.  Chrysoaeloidea 

140 

3000 

Ceraabycidae 

4000 

35,000 

20 

250 

Brucbidae 

40 

1500 

4 

4 

Chrysoaelidae 

2500 

35,000 

4 

8 

Sf.  Curculionoidea 

1 

100 

Neaanychidae 

10 

40 

75 

1200 

Anthribidaa 

325 

2400 

Qxycorynidae 

8 

30 
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Belidae 

13 

150 

Ithyceridae 

1 

1 

Rhopalopsyllidae 

Aglycyderidae 

3 

160 

Sf.  Veriipsylloidea 

Attelabidae 

100 

2100 

Vertipsyllidae 

Brentidae 

325 

2300 

Sf.  Pulicoidea 

Apionidae 

26 

2200 

Pulicidae 

Curculienidae 

4500  50.000 

Tungidae 

(156  Iasi  lies)  25,100  340,600 

(15  faiilies) 

STREPSIPTERA 

01PTERA 

So.  Hengenillidia 

So.  Neiatocera 

Sf.  Hengenilloidea 

Sf.  Tipuloidea 

Nengenillidae 

3 

7 

Trichoceridae 

So.  Stylopidia 

Tipulidae 

Sf.  Hengeoidea 

Sf.  Psychadoidea 

Corioxenidae 

4 

10 

Tanyderidae 

Sf.  Bohartilloidea 

Ptychopteridae 

Bohartillidae 

1 

1 

Psychodidae 

Sf.  Halictophagaidea 

Sf.  Culicoidea 

Halictophagidae 

5 

75 

Dixidae 

Sf.  Stylopoidea 

Chaoboridae 

Elenchidae 

4 

20 

Culicidae 

Nyraecolacidae 

4 

60 

Thauaaleidae 

Stylopidae 

J 

200+ 

Siauliidae 

(7  faiilies) 

30 

370 

Ceratopogonidae 

Chironoiidae 

HECBPTERA 

Sf.  Bibionoidea 

So.  Euiecoptera 

Perissosoaatidae 

Heropeidae 

2 

2 

Pachyneuridae 

Notiathauiidae 

1 

1 

Axiyiidae 

So.  Euiecoptera 

Anisopodidae 

Choristidae 

3 

B 

Bibionidae 

Nannochoristidae 

2 

4 

Scatopsidae 

Panorpidae 

5 

300 

Hyperescelidae 

Bittacidae 

13 

130 

Cecidoiyiidae 

Apterobittacidae 

1 

1 

Sciaridae 

So.  Neoiecoptera 

Hycetophilidae 

Boreidae 

2 

_24 

Incertae  Sedis 

(8  faiilies) 

27 

450 

Blepharoceridae 

Deuterophlebiidae 

SIPH0NAPTERA 

Nyapbioayiidae 

Sf.  Hystrichopsylloidea 

So.  Brachycera 

Coptopsyllidae 

1 

23 

Io.  Orthorrhapha 

Histricbopsyllidae 

6 

42 

Sf.  Tabanoidea 

Stephanocircidae 

8 

51 

Pelecorhynchidae 

Pygiopsyllidae 

28 

170 

Rhagionidae 

Ctenopbthaliidae 

41 

630 

Anthericidae 

Chiiaeropsyllidae 

8 

28 

Xylophagidae 

Sf.  Ceratophylloidea 

Stratioiyidae 

Ancistropsyllidae 

1 

3 

Tabanidae 

Xiphiopsyllidae 

1 

8 

Panthphthaliidae 

Ceratophyllidae 

6B 

760 

Neiestrinidae 

Ischnopsyllidae 

19 

115 

Acroceridae 

Sf.  Halacopsyllaidea 

Sf.  Asiloidea 

Halacopsyllidae 

2 

2 

Asilidae 

11 

150 

Hydidae 

42 

300 

Therevidae 

10 

500 

3 

31 

Scenopinidae 

16 

250+ 

Beabyliidae 

200 

4000+ 

24 

190 

Apioceridae 

4 

110 

_1 

10 

Sf.  Eipidoidea 

222 

1700 

Eipididae 

100+ 

3000+ 

Oolichopodidae 

150 

6000 

Io.  Cydorrhapha 

Div.  Aschiza 

Sf.  Lonchopteroidea 

6 

110 

Lonchopteridae 

1 

34 

300+ 

13,000+ 

Sf.  Phuroidea 

Platypezidae 

20 

100 

11 

37 

Ironoiyiidae 

1 

1 

3 

60 

Sciadoceridae 

2 

2 

45 

500+ 

Phoridae 

220 

2700 

Sf.  Syrphoidea 

3 

150 

Syrpbidae 

150 

5000+ 

9 

75 

Pipunculidae 

30 

400 

34 

3000 

Div.  Schizophora 

5 

80 

Sf.  Conopoidea 

60 

1100 

Conopidae 

45 

800 

70 

1200 

Sf.  Tephrituidea 

120 

5000 

Tephritidae 

70+ 

4000 

Otitidae 

50 

400 

1 

5 

Platysteiatidae 

50 

1000 

4 

4 

Pyrgotidae 

50 

330 

2 

4 

Tachiniscidae 

3 

3 

4 

80 

Richariidae 

31 

160 

15 

700 

Pallopteridae 

8 

50 

15 

200 

Piophillidae 

23 

67 

4 

12 

Loncftaeidae 

a 

500+ 

600+ 

4000+ 

Sf.  Nicropezoidea 

50 

500 

Cypselasosatidae 

2 

3 

150 

2000 

Pseudopaayzidae 

7 

15 

Neriidae 

20 

70 

21 

200 

Hicropezidae 

40 

420 

1 

7 

Kegaaerinidae 

4 

11 

4 

4 

Sf.  Tanypezoidea 

Kothybiidae 

1 

9 

Diopsidae 

13 

150 

Tanypezidae 

2 

22 

1 

34 

Psilidae 

5 

200 

15 

300 

Syringogastridae 

1 

a 

.  1 

100 

Str  ongyl ophthal ayi i dae  1 

30 

10 

100 

Sf.  Scioiyzoidea 

30 

1400+ 

Uelieiyzidae 

4 

14 

130 

3000+ 

Dryaayzidae 

2 

13 

3 

25 

Coelopidae 

7 

20 

15 

250 

Sciaiyzidae 

60 

500 

45 

450 

Chaiaeayiidae 

18 

100 

Ropaloieridae 

9 

30 

400 

5000 

Sepsidae 

21 

240 
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Lauxaniidae 

130 

1200+ 

TRICH0PTERA 

Sf.  Eriacranoidea 

Celyphidae 

10 

90 

Sf.  Rhyacophiloidea 

Eriocraniidae 

5 

20 

Sf.  Opoayzoidea 

Rhyacophilidae 

2  ' 

450 

Lopbacoronidae 

1 

3 

Opoayzidae 

4 

50 

Hydrobioscidae 

40 

150 

Acanthopteroctetidae 

1 

5 

Clusiidae 

22 

200 

Glossososatidae 

20 

400 

Sf.  Neopseustaidea 

Acartophthalaidae 

1 

2 

Hydroptilidae 

75 

600 

Neopseustidae 

3 

7 

Sf.  Agreayzoidea 

Sf.  Hydropsychoidea 

So.  Exoporia 

Odiniidae 

B 

40 

Philopotaaidae 

12 

400 

Sf.  Hnesarchaeoidea 

Agroayzidae 

30 

ISOO 

Stenopsychidae 

3 

70 

Hnesarchidae 

1 

6 

Fergusoninidae 

1 

23 

Hydropsychidae 

60 

900+ 

Sf.  Hepialoidea 

SF.  Asteioidea 

Polycentropodidae 

25 

300 

Prototheoridae 

2 

7 

Neurochaetidae 

1 

3 

Dipseudopsidae 

4 

100 

(Jeotheoridae 

1 

l 

Periscelidae 

5 

15 

Ecnoaidae 

7 

100 

Anoaosetidae 

l 

1 

Teratoayzidae 

2 

20 

Psychoayiidae 

15 

150 

Palaeosetidae 

3 

3 

Aulacigastridae 

4 

10 

Xiphocentronidae 

4 

20 

Palaeophatidae 

1 

1 

Asteiidae 

10 

100 

Sf.  Lianephiloidea 

Hepialidae 

80 

500 

Anthooyziidae 

7 

50 

Phryganeidae 

15 

70 

So.  Honotrysia 

Rhinotoridae 

3 

12 

Phryganopsychidae 

1 

3 

Sf.  Nepticuloidea 

Sf.  Drosophiloidea 

Brachycentridae 

10 

100 

Nepticulidae 

12 

400 

Drosophilidae 

40 

1500 

Lienecentropodidae 

1 

10 

Opostegidae 

1 

50 

Nystacinobiidae 

t 

1 

Chathaaiidae 

2 

4 

Tischeriidae 

1 

65 

Caaillidae 

1 

8 

Tasiaiidae 

4 

6 

Sf.  Incurvarioidea 

Ephydridae 

70 

1000+ 

lianephilidae 

130 

1000 

Incurvariidae 

27 

340 

Diastatidae 

3 

20 

Soeridae 

10 

80 

Heliozelidae 

9 

100 

Curtonotidae 

2 

40 

Threaaatidae 

1 

3 

So.  Ditrysia 

Sf.  Chlaropaidea 

Uenoidae 

4 

25 

Sf.  Tineoidea 

Chloropidae 

250 

1000+ 

Lepidosoaatidae 

30 

250 

Tineidae 

300 

3000 

Hilichiidae 

19 

300 

Qeconesidae 

6 

15 

Acrolophidae 

1 

100 

Carnidae 

4 

40 

Kokiriidae 

6 

7 

Psychidae 

100 

6000 

Tethinidae 

8 

50 

Plectrotarsidae 

3 

5 

Pseudarbelidae 

3 

6 

Canaceidae 

10 

60 

Beraeidae 

6 

25 

Eriacottidae 

3 

60 

Sf.  Huscoidea 

Sericosoaatidae 

25 

100 

Arheimopbanidae 

3 

6 

Scatophagidae 

50 

250 

Conoesucidae 

13 

30 

Ocbsenheiaeriidae 

l 

23 

nanotoayiidae 

1 

1 

Antipodoeciidae 

1 

1 

Pbyllocnistidae 

1 

too 

Basterophilidae 

7 

45 

Calocidae 

4 

10 

Bracillariidae 

65 

1000+ 

Anthosyiidae 

50 

1000 

Helicophidae 

4 

10 

Lyonetiidae 

12 

300 

Huscidae 

100 

3000+ 

tlolannidae 

3 

25 

Sf.  Selechioidea 

Call iphoridae 

150 

150001 

OdontDceridae 

10 

70 

Oecopboridae 

400 

4000+ 

Sarcophagidae 

60 

1400 

Atriplectridae 

2 

2 

Etbaiidae 

1 

240 

Tachinidae 

1000 

6000+ 

Philorheithridae 

9 

20 

Stenoaatidae 

30+ 

700 

Rhinophoridae 

23 

85 

Helicopsychidae 

6 

100 

Xylorictidae 

40 

500+ 

Cuterebridae 

6 

70 

Calaaoceratidae 

6 

100 

Stathaopodidae 

9 

175 

Oestridae 

20 

65 

Leptoceridae 

50 

800 

Pterolonchiidaa 

1 

10 

Glassinidae 

1 

22 

(39  faailies) 

650 

6500 

Coleophoridae 

6 

500 

Hippoboscidae 

19 

330 

Blastobasidae 

10 

100 

Streblidae 

27 

160 

LEPID0PTERA 

Syaaocidae 

30 

150 

‘lycterbiidae 

10 

200 

So.  Zeugloptera 

Elacbistidae 

30 

200 

Incertae  Sedis 

Sf.  Nicropterygoidea 

Coelopoetidae 

1 

1 

Heleoayzidae 

60 

400+ 

Heterobathaiidae 

1 

3 

Batracheidae 

4 

125 

Sphaeroceridae 

56 

700 

Hicropterygidae 

7 

97 

Roaphidae 

1 

80 

Chvroayidae 

4 

35 

So.  Dacnonyapha 

Blastodacnidae 

13 

25 

Cryptochaetidae 

1 

20 

Sf.  Agathiphagoidea 

Selechiidae 

500 

4000+ 

Braulidae 

1 

4 

Agatbipbagidae 

1 

2 

Scythrididae 

35 

100+ 

(123  faailies) 

6100  102,200 
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Agonoxenidae 

1 

4 

Aaalthusiidae 

Cosaapterygidae 

30+ 

1200 

Nyaphalidaa 

Sf.  Alucitoidea 

Acraeidaa 

Dopraaorphidae 

6 

40 

Sf.  Pterophoroidea 

Carposinidae 

25 

200 

Pterophoridae 

Alucitidae 

5 

50 

Tineodidae 

Eperaeniidaa 

6 

71 

Oxychirotidae 

Glyphipterigidae 

3+ 

250 

Sf.  Pyraloidea 

Sf.  Yponoaeutoidea 

Thyrididae 

Ypanoaeutidae 

26+ 

1000 

Hyblaeidae 

Aaphitheridae 

7 

Pyralidaa 

Argyesthiidae 

2 

100+ 

Sf.  Drepanoidea 

Dauglasiidae 

3 

20 

Thyatiridae 

Acrolepiidae 

3 

70 

Drepanidae 

Heliodinidae 

70 

350 

Sf.  Seoietroidea 

Schreckensteiniidae 

1 

5 

SeoaetridaG 

Sf.  Sesioidea 

Apraproganidae 

Choreutidae 

40 

400 

Epipleaidae 

Sesiidae 

50 

1000 

Seaaturidae 

Sf.  laioidea 

Axiidae 

Iaaidae 

1 

150 

Uraniidae 

Sf.  Cossoidea 

Epicopeiidae 

Cossidae 

100 

1000 

Sf.  Calliduloidea 

Ketarbelidae 

16 

too 

Call i dul idae 

Dudgeoneidae 

4 

10 

Pterothysanidae 

Sf.  Tortricoidea 

Sf.  Miiallonaidea 

Tortricidae 

500 

4000 

Riiallonidae 

Cochylidae 

30+ 

500 

Sf.  Boibycoidea 

Sf.  Zygaenoidea 

Apateladidae 

Hetarogynidae 

1 

5 

Boabycidae 

Zygaenidae 

50 

300 

Eupterotidae 

Chrysopoloaidae 

3 

20+ 

Anthelidae 

Soaabrachyidae 

1 

3 

Brahaaeidae 

Hegalopygidae 

20 

220 

Lasiocaapidae 

Liaacodidae 

200 

800+ 

Endroaidae 

Dalcaridae 

14 

60+ 

Leaoniidae 

Epipyropidae 

6 

20 

Ratardidae 

Cydatornidae 

1 

5 

Carthaeidae 

Sf.  Castnioidea 

□xytenidae 

Castniidae 

4 

150 

Cercophanidae 

Sf.  Hesperoidea 

Saturniidae 

Hesperiidae 

500 

3000+ 

Sf.  Sphingoidea 

Hagathyaidae 

5 

50 

Sphingi dae 

Sf.  Papilionoidea 

Sf.  Noctuoidea 

Papilionidae 

25 

500+ 

Bioptidae 

Pieridae 

70 

2000 

Thyretidae 

Lycaenidae 

300 

3000 

Notodontidae 

Riodinidae 

100+ 

1000+ 

ThauaGtopoeidae 

Ubytheidae 

2 

10 

Lyaantriidae 

Ithoaiidae 

45 

500 

Arctiidas 

Danaidae 

8+ 

200+ 

Lithosiidas 

Satyridae 

400 

3000 

Ctenuchidae 

Brassolidae 

11 

80 

Pericopidae 

Horphidae 

1 

30 

Hypsidae 

16 

100+ 

Nalidaa 

15 

250 

200 

4000 

llactuidae 

4000 

25,000 

6 

225 

Agaristidae 

too 

300 

Cocytiidae 

2 

3 

50 

500 

(13B  faailies)  14,400 

137,200 

7 

10 

2 

5 

HYKEN0PTERA 

So.  Syiphyta 

100 

600 

Sf.  Kegalodontoidea 

2 

20 

Xyelidae 

5 

50 

1500 

20,000 

Hogalodontidae 

3 

45 

Paaphilidae 

6 

170 

50 

200 

Sf.  Tenthredinoidea 

60 

400 

Ciabicidaa 

20 

140 

TentbradinidaG 

150+ 

3000+ 

1500+  20,000+ 

Argidae 

50 

500+ 

1 

1 

BlasUcatonidas 

1 

4+ 

25 

600 

Pergidae 

50 

300+ 

5 

40 

Diprionidae 

7 

75 

2 

5 

Sf.  Siricoidea 

15 

50+ 

Xiphdriidae 

22 

90 

1 

10+ 

Syntexidae 

1 

1 

Siricidae 

B 

90 

8 

100 

Orussidae 

15 

75 

4 

10 

Sf.  Cephoidea 

Cephidae 

10 

100 

26 

200 

So.  Apocriti 

Div.  Parasitica 

17 

250 

Sf.  IchneuaonoidGa 

15 

100 

Braconidaa 

1400 

37,500 

.  50 

400 

Aphidiidae 

35 

350 

3 

75+ 

IchneuaonidaG 

1200 

15,000 

7 

20 

Agriotypidae 

1 

3 

150 

1500 

Apozygidas 

1 

1 

1 

1 

Sf.  Trigonaloidaa 

3 

15 

Trigonalidae 

20 

100 

2 

9 

Sf.  Hagai yroidea 

1 

1 

Hegalyridaa 

5 

100 

3 

34 

Stepbanidae 

7 

100+ 

4 

10 

Sf.  Evanioidea 

100 

1000 

Evaniidae 

12 

500 

Sasteruptiidae 

10 

500 

190 

850 

Aulacidaa 

15 

250+ 

Sf.  Proctotrupoidea 

40 

500 

Pelacinidae 

1 

1 

25 

200 

Konosachidae 

2 

12 

650 

2000+ 

Proctotrupidae 

24 

250 

23 

120 

Haloridaa 

1 

9 

200 

2500 

Roproniidae 

1 

8 

250 

2000+ 

Vanhorniidae 

1 

1 

300+ 

2000 

Austroniidae 

1 

3 

200 

2000+ 

Diapriidae 

150 

1200+ 

30 

300+ 

Sdelionidae 

125 

360+ 

15 

100 

Platygastaridae 

50 

400 
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Sf.  Ceraphronoidea 

Ceraphronidae 

12 

150+ 

Kegaspilidae 

10 

250+ 

Sf.  Chalcidoidea 

Chalcidae 

115 

1400+ 

Leucopsidae 

4 

123 

Eurytosidae 

70 

1100 

Toryaidae 

100 

1000 

Agaonidae 

12 

160 

Pteroaalidae 

545 

2800 

Perilaapidae 

25 

200+ 

Eucharitidae 

55 

330 

Eupelaidae 

60 

700+ 

Orayridae 

3 

50 

Encyrtidae 

500+ 

2B00 

Tanaostigaatidae 

14 

33 

Aphelinidae 

42 

800+ 

Signiphoridae 

6 

75 

Tetracaapidae 

13 

35 

Elasaidae 

8 

220 

Eulophidae 

323 

3000 

Trichograaaatidae 

70 

440 

Nyaaridae 

95 

1200 

Sf.  Cynipoidea 

Ibaliidae 

1 

14 

Liopteridae 

13 

65 

Figitidae 

30 

250 

Cynipidae 

70 

1200+ 

Div.  Aculeata 

Sf.  Chrysidoidea 

Pluaariidae 

5 

20 

Chrysididae 

45 

3000 

Dryinidae 

60 

700 

Euboleaidae 

3 

10 

Sderogibbidae 

3 

18 

Scolebythidae 

3 

3 

Bethylidae 

80 

2000 

Loboscelidiidae 

2 

20 

Sf.  Tiphioidea 

Tiphiidae 

100 

1500 

Sapygidae 

9 

85 

Hutillidae 

150 

5000 

Sieroloiorphidae 

1 

10 

Bradynobaenidae 

6 

200+ 

Sf.  Poapiloidea 

Rhopalosoaatidae 

6 

23 

Poapilidae 

150 

2500 

Sf.  Foraicoidea 

Foraicidae 

240 

14,000 

Sf.  Scolioidea 

Scoliidae 

20 

300+ 

Sf.  Vespnidea 

Hasaridae 

19 

230 

Euaenidae 

120+ 

3000 

Vespidae 

36 

800+ 

Total  Insect  Diversity 

Sf.  Sphecoidea 

Faailies: . 997 

Sphecidae 

226 

7700 

Genera: . 73,000 

Sf.  Apoidea 

Species:  .  .  .  876,200 

Colletidae 

45 

3000+ 

Halictidae 

60 

5000+ 

Andrenidae 

20 

4000+ 

Oxaeidae 

4 

20 

Helittidae 

12 

700 

Hegachilidae 

95 

3000+ 

Anthophoridae 

170+ 

4000+ 

Apidae 

13 

1000 

(89  faailies) 

7300  141,100 

SOURCES.  Protura:  Janetschek  (1970);  Colleabola:  Saloon  (19441;  Diplura:  Palct 
(1955),  Richards  St  Davies  (1977);  Archaeognatha:  Kugler  (1982),  Stura  (1984);  Thy- 
sanura:  Kugler  (1982);  Epheaeroptera:  Edaunds  (1982);  Odonata:  Pinhey  1982,  Davies 
l  Tobin  (19B4,1985);  Blattodea:  Roth  (1982);  Mantodea:  Broun  (1982a);  Isoptera: 
Broun  (1982b);  Gryllcblattodea:  (Broun  1982c);  Orthoptera:  Kevan  (1982a);  Phasaato- 
dea:  Kevan  (1982b);  Deraaptera:  Broun  (1982dl;  Eabioptera:  Ross  (1982);  Plecoptera: 
Bauaan  (19B21;  Zoraptera:  Arnett  St  Jacques  (19B5);  Psocoptera:  Saithers  (1982); 
Anoplura:  Kia  (1982);  ttallophaga:  Hopkins  St  Clay  (1952),  Eaerson  11982);  Thysano- 
ptera:  Stannard  (1982);  Heaiptera:  Slater  (1982);  Hoaoptera:  Kosztarab  (19B2); 
Hegaloptera:  Henry  (1982);  Raphidioptera:  Henry  (1982);  Planipennia:  Henry  (1982); 
Coleoptera:  Laurence  (1982,1987),  Sen  Gupta  and  Crouson  (1946,1969);  Strepsiptera: 
Broun  <19B2e);  Hecoptera:  (Broun  19820;  Siphonaptera:  Suit  (1962) ;  Diptera: 

Bickel  (1982);  Diptera-Scatophagidae:  Vockeroth  (1987c);  Trichoptera:  Higgins 
(1982);  Lepidoptera:  Hunroe  (1982);  Hyaenoptera:  Broun  (1982g);  Hytenoptera- 
Hegalryidae:  Hedquist  (1967);  Hyaenoptera-Stephanidae:  Elliott  (1922); 
Hyaenoptera-Scelionidae:  Hasner  (1976). 


NOTES: 

1.  Benera  in  faailies  listed  in  the  first  coluun;  species  in  genera  listed 
in  the  second  coluan. 

2.  Totals  for  orders  and  the  class  are  known  species,  and  in  aost  cases  this 
is  synanynous  with  described  species.  Values  uith  aany  known  but  undes¬ 
cribed  species  are  in  brackets. 

3.  Those  values  for  species  and  genera  greater  than  a  feu  dozen  are  aostly 
rounded  off  to  the  nearest  ten  (saaller  values)  or  hundred  (larger  values). 
Ordinal  totals  for  genera  and  species  are  also  rounded,  where  appropriate. 

4.  Species  breakdosns  for  faailies  of  Hantodea  are  currently  unavailable. 
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APPENDIX  E 


1 

RESISTER  MS  DETAILS  OF  FOSSIL  INSECT  LOCALITIES  REFERRED  TO  IN  THIS  STUDY 


No. 

locality 

lithostratioraohv 

Fossil  Iithoioev 

I 

Lava  Cup  Hina 

lauruk  Volcanics 

Alluvial  conglo- 

« 

Inaachuk  River, 
Alaska 

aerate 

2 

« 

Randecker 

Hear,  Saabia, 
FRS 

Dysodile  beds 

Hudstone  coapressinns 

3 

Oeningen,  near 

7 

Luinated  aarl  cot- 

« 

Baden,  Sait- 
zerland 

pressious 

4 

Yerao,  Calico 

Barstna  Ft. 

Rineral-replaced 

« 

Ktns.,  California, 

USA 

stainkerns 

3 

Radaboj, 

7 

Laainated  liaestona 

« 

Croatia, 

Yugoslavia 

cotpressions 

4 

Bitterfeld, 

'Blauen  Erde* 

Aaber  froa  the  coni- 

H 

Saiony,  DDR 

fer  Cepressosperaue 

7 

BDttingen, 

BDttingen 

Calcareous  theraal 

f 

Saabia,  FRB 

darble 

sinter  (hot  springs) 

0 

Rott  4  Orsberg, 

Braunkohle 

Luinated  lignitic  ' 

«* 

Bavaria,  FRB 

compressions 

9 

Rainz-Kastel , 

Hydrobia 

Liaestona  coapres- 

t 

Hessen,  FRB 

Liustone 

sions 

fpncb/ 

Period 

Stage 

Alsolete 

Age  gnu 

Mimas 

Late  Kiocene 

Kessinian 

5.7 

Hopkins  et  ai.  1971 

Late  Kiocene 

Tortonian  to 
Kessinian 

11.3-5.1 

Beyer  4  Bainner  1979; 
Schaaller  1984;  Nau- 
aann  1987 

Late  Kiocene 

Tortonian 

11.3-4.1 

Heer  1847,  1845; 
Handlirsch  1904/03; 
leuner  1939  0 

Kiddle  to 

Late  Langhian 

14.4-5.1 

Palaer  1957;  Pierce 

Late  Kiocene 

to  Kessinian 

1944 

Early  Kiocene 

Burdigalian 

19-715 

Heer  1847,  1845; 
Handlirsch  1904/08; 
Zeuner  1939 

Early 

Aquatanian  to 

24.5-14.5 

Barthel  4  Hetzer 

Kiocene 

Early  Langhian 

1982;  Schuaann  1984; 
Schuaann  4  Hendt  1989 

Early  Kiocene 

Aquatanian  to 
Early  Langhian 

24.5-14.5 

Zeuner  19Z7,  1929, 
1931,  1939 

Early  Kiocene 

Aquitanian 

24.5-19 

Handlirsch  1904/08; 
Zeuner  1939 

Early  Kiocene 

Aquitanian 

24.5-19 

Schaidtgen  1938; 
Zeuner  193B,  1939 

1 

Asterisks  belot  the  deposit  nueber  indicate  the  relative  iaportance  of  the  fossil  insect  deposit:  ♦  =  a  ainor  deposit; 
as  5  a  deposit  »ith  a  diversity  of  several  orders;  sea  =  a  aajor  deposit  aith  substantial  ordinal  diversity.  Noaenclature 
designating  the  period,  epoch,  stage  and  absolute  age  (in  aillions  of  years  before  the  present)  is  froa  Harland  et  ai.  1982. 
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Epoch/ 

Absolute 

Ho. 

Locality 

tiMosfratijra^ 

Fossil  Lithology 

Period 

ftiSS 

is*  mm 

10 

Creeds,  3(4 

Creede  Ft. 

Tup f i te 

Latest 

Chattian 

32.8-24.6 

e< 

Colorado,  USA 

Oligocene 

11 

Siaojavel, 

Sitojovel  Ft. 

Aaber,  probably  Proa 

Late  Oligocene  Chattian/ 

24. 6-23. 0 

et 

Chiapas,  dexico 

the  leguae  Byienaea 

/Early  Miocene  Aquitanian 

12 

Aaagu,  Kudia 

? 

dudstone  coapressions 

Late  Oligocene  Chatti an/ 

24.6-23.0 

t 

River,  Siberia, 

/Early  Miocene  flquitanian 

USSR 

13 

Cereste,  Aix- 

Shale 

Late  Oligocene  Chattian 

32.8-24.6 

et 

en-Provence, 

France 

14 

Caaoins, 

* 

Liaestone  iapressions 

Early 

Rupelian 

38-33 

e 

Marseilles 
Basin,  France 

Oligocene 

IS 

Florissant, 

Antero  Fa. , 

TuPPite  coapressions 

Early 

Rupelian 

38-33 

tee 

Colorado,  USA 

‘Florissant  lake 
beds' 

Oligocene 

16 

dulhouse, 

Foraation 

SaliPerous  shale 

Early 

Rupelian 

38-33 

e 

Alsace,  France 

SaliPdre 

coapressions 

Oligocene 

17 

Cordillera 

El  daaey  Fa. 

Aaber,  probably  Proa 

Late  Eocene 

Priabonian  to 

42-?20 

ctt 

Septentrional 

the  leguae  Byieeaea 

to  Early  Mio¬ 

Aquitanian 

4  Oriental, 

Doainican 

Republic 

cene 

18 

Sunnard  Bay, 

Beabridge  darl, 

Argillaceous  liae¬ 

Late  Eocene/ 

Priabonian  to 

42-32 

cc 

Isle  of  Hignt, 

'Insect  Liaestone* 

stone 

Early  Oligo¬ 

Rupelian 

England 

cene 

19 

Baltic  Region: 

Various  Poraa- 

Aaber,  aostly  of 

diddle  Eocene 

Lutetian  to 

50-32 

tee 

Eenaark,  11. 

tions;  also  in 

araucariaceous 

to  Early 

Rupelian 

Gersany  4  Po- 

alluvial  and 

origin 

Oligocene 

land;  USSR  Bal-  glacial  deposits 
tic  Republics 

20  Sio  Lisay,  Neu-  Ventana  F«.  TuPPaceous  siltstones  Late  Eocene  Bartoniar.  46-42 

t  quen  Province,  and  audstones 

Argentina 

21  Haikato,  Papakaio  Fa.  Coapressions  (?)  in  Late  Eocene  Bartonian  46-42 

•  de»  Zealand  coal 


References 


Carpenter  et  al. 

1938;  Cu-fFey  et  al. 
1982 

Hurd,  Saitb  4  Durhaa 
1962;  Langenneia  1964 


Cockerell  1925a 


Thdcbald  1937 


Tiacn-David  1943 


Burden  1966;  Hi  Ison 
1978a 


Priesner  4  Suievreux 
1935 

Sanderson  4  Farr 
1960;  Kincelbach 
1979,  1983;  Baroni- 
Urbani  4  Saunders 
1982 

Zeuner  1939;  Jarcea- 
bouski  1976,  1980 


Zeuner  1939;  Larsson 
1978;  Ceilbach  1982a, 
1982b;  dills  et  al. 
1985 


Be  Sarcia  1933 


Harris  1984 
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Ho.  Liiiliil  titJIastraticrapliY 


22  Seiseltales,  3raunkohle 
»a  Halle-aa-der 
Salle,  BCR 


23  3H  Hyoiing,  NH  6reen  River  Fa. 
h  Colorado  4  NE 

Utah,  USA 

24  arube  Bessel,  Bessel  Ft. 

*  Franziurt-au- 
Baia,  FRS 

25  Lo»er  Bissis-  Hilcor.  and  Clai- 

*  sicpi  Valley,  dome  Fas. 

USA 

26  Bognor  Regis,  London  Clay 

*  Susses,  Eng¬ 
land 

27  Benat,  Auvergne  ? 
ts  Region,  France 

2B  Sheridan  Pass  Upper  Mind  River 
t  area,  Uyoaing ,  Fa. 


29  Cold  Ash  Reading  Beds 

*  Quarry,  south¬ 
ern  England 

30  Bundaaba,  S U  Redback  Plains 
»  Queensland,  Fa. 

Australia 

31  Yushangou,  Tadushi  Suite 

*  Kavalenou  Dist¬ 
rict;  Baritioe 
Territory,  USSR 

32  Blacfciolds  and  Paskapoo  Fa. 

<  Joifre.  Alberta, 

Canada 

33  Seainar  Rills,  Intertrappean 
t  Nagpur,  India  Series 


Epoch  Absolute 


Fossil  lithology 

Period 

ItiS! 

Age  lEiL 

References 

Original  cuticle  in 
coaliterous  sediaent 

Biddle  Eocene 

Lutetian  to 
Bartoniar. 

50.5-42 

Voigt  193B;  Zeuner 

1939;  Haupt  1950; 
Kinzelbach  4  Lutz 

1985 

Shale  coapressions 

Biddle  Eocene 

Lutetian  to 
Bartcnian 

50.5-42 

Wilson  1978a;  Grande 
1980 

Oil  shale  coapres- 
sions 

Biddle  Eocene 

Lutetian 

50.5-746 

Straus  1976;  Franzen 
1985;  Lut:  1987 

Atber,  oi  Shores 
origin;  insect  daaage 
on  leaf  coapressions 

Early  to 
Biddle  EGcene 

Ypresian  to 
Bar  tom  an 

55-42 

Brocks  1955;  Saunders 
it  a i.  '.974 

Pvrite 

Early  Eocene 

Ypresian 

55-50.5 

Britten  1960;  Vena¬ 
bles  4  Tavlcr  1962; 
Jarzetbouski  1986 

Coapressions  in 
t liliaceous  shales 

Early  Eocene 

Ypresian 

55-50.5 

Handlirsch  1908; 

Piton  1940 

Leai  aine  on  a 

Cedreia  iapression 
in  tuiiaceous  shale 

Early  Eocene 

Early 

Ypresian 

35-53 

Hickey  4  Hodges  1975; 
Crane  4  Jarzetbouski 
1980 

Leai  tines  on  angio- 
spera  coapressions 

Late 

Paleocene 

Thanetian 

60-55 

Crane  4  Jarzetbouski 
1950 

Iapressions  in  clay 
ironstones 

Pal  eocene 

[unassigned] 

65-o5 

!av  it  a i.  19B3; 
Latbkin  1987 

Shale  iapressions 

Paleocene 

tunassignedl 

65-55 

Ponotarenko  4  Rasnit- 

syn  1974 


Shale  coapressions 

Paleocene 

Danian  65-62 

jiilssn  i?7Sa;  Sevan  \ 
lighten  1981 

Original!?)  cnitin 

Late 

Late  66-65 

Seorge  l5 52 

preserved  3-0  in 

Cretaceous 

flaastrichtian 

liney  day 
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Ho.  locality 

Fossil  Lithoiooy 

fpocb/ 

Perjorf 

Absolute 
Age  IKW 

References 

34  Fossil  Forest, 
a  San  Juan  Basin, 
Neit  Hen  i  co,  USA 

Fruitland  Fa. 

Larval  cases  in 
sandstone 

Late 

Cretaceous 

Caipanian- 

Haastrichtian 

78-65 

Soiberg  et  a 1.  1988 

3S  Medicine  Hat, 
«a  Cedar  Lake, 
Manitoba, 

Canada 

Bally  River 

Series, 

Foreaost  Fa. 

Aaber,  probably  oP 
taiodiaceous  origin 

Late 

Cretaceous 

Caapanian 

78-73 

Halker  1934;  Carpen¬ 
ter  et  a  1.  1937;  Mc- 
Alpine  1  Martin  1969 

36  Kinkora,  east- 
*  central  Nee 
Jersey,  USA 

ilagotby  Fa. 

Aaber,  probably  of 
araucariaceous  origin, 
in  lignite 

Late 

Cretaceous 

?Caapanian 

33-73 

Lanoenheii  «  Beck 

1963;  Sriaaldi  1958; 
Srisaidi  et  al.  1999 

37  Jantardacb 
ete  eastern  Taiayr 
Peninsula, 
Siberia,  USSR 
USSR 

Itheta  Fa. 

Aaber 

Late 

Cretaceous 

Coniacian  to 
Late  Santo- 
nian 

88.5-86 

Zherichin  A  Sukacheva 
1973;  Evans  1973; 
Skalski  1979b 

3B  Raritan  Bay, 

»  Hen  Jersey, 

USA 

Hagothy  Fa. 

Aaber,  probably  of 
taaodiaceous  origin, 
in  daystone 

Late 

Cretaceous 

Turonian  to 
Coniacian 

91-B7.5 

Hi  Ison  et  al.  1967a 
1967b;  Broun  1969; 
6riaaid:  et  al.  1989 

39  Kizyl-Zhar, 
m  Karatau  Range, 
Kazakstan,  USSR 

Shale  coapressions 

Late 

Cretaceous 

Turonian 

91-31.5 

Sharov  1971;  Rasnit- 
syn  1975;  Kozlov  1938 

44  Kaolak,  Ketik 

Prince  Creek  Fa., 

Aaber,  probably  of 

Late 

TCenosani  an 

797.5-63 

Langenheia  et  al. 

<  A  Kuk  River 
valleys,  it 
coastal  plain, 
Alaska,  USA 

Chandler  Fa. 

taxodiaceous  origin, 
in  coaliferous  sedi¬ 
aents 

Cretaceous 

to  Santonian 

1960;  McAlpine  k 
Martin  1969 

41  Hen  Ula, 

*  Minnesota, 

USA 

Kindroa  Fa., 
Ostrander  Header 

Claystone  coapression 

Late 

Cretaceous 

Cenoaaman  to 
Turonian 

97.5-56.5 

Leuis  19"0;  Shields 
1989 

42  Agapa,  eastern 
*<  Taiayr  Penin¬ 
sula,  Siberia 
USSR 

Dolganian  Suite 

Aaber 

Late 

Cretaceous 

Late 

Genevan  an 

95-91 

Resa  1976 

43  Orapa,  Francis- 
<  to«n,  central 
Botsvana 

-  Unnaaed  basin 
sediaents  asso¬ 
ciated  aitn 

Mudstone  iapressions 
ana  coapressions 

Late 

Cretaceous 

Cenoaaman 

93. 0 

McKay  1  Rayner  1986; 
Sayr.er  1987;  Haters 
1939a,  19996 

kiaberlite  pipe 
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Ho.  Lodliti 


Epoe hi 

iitbostrotiorsiby  Fossil  Litholoo y  Period 


Absolute 

ili  WAI  lei  ere  tees 


Stage 


44 

Baheeia, 

“Perucer 

Leaf  lines  and  insect 

f 

Czechoslovakia 

Schichten' 

daeage  on  leaf  coe- 
pressions 

45 

Bezonnais  A 

?Ca abridge 

Aeber,  of  araucari- 

« 

Durtal,  KN 

Greensand 

aceous  origin,  in 

Franca 

black  daystone 

46 

Magadan , 

Olskaya  Suite 

Shale!?)  coepressions 

« 

Aroan  River,  RE 
Siberia,  USSR 

47 

Schefferville, 

Rediond  Fe. 

Ferruginous  shale 

i 

near  Knob  Lake, 

coepression 

Labrador,  Canada 

48 

Hardin  Co., 

■> 

Aeber 

* 

Tennessee, 

USA 

49 

Stusp  Neck, 

Potoaic  Sp., 

Leaf  galls  on  angio- 

t 

Nary land,  USA 

Patapsco  Fe. 

spere  coepressions 

50 

Dupree,  South 

Fo«  Hills  Fe. 

Concretion,  in  sandy 

* 

Dakota',  Kansas 

shale;  galls  A  sines 

A  Nebraska; 

USA 

on  leaf  coepressions 

51 

Yukhary,  Agd- 

'Copal -containing 

Aeber 

t 

zhakend,  Shay- 
ay  anovsk,  Dist. 
Azerbaydzhanian 
SSR,  USSR 

Suite* 

52 

Baisa  A  Unda, 

Zazinskaya  Fe., 

Hudstone  and  earl 

H 

Vi  tie  Creek, 
Transbaikalia, 
Buryat  ASSR, 
USSR 

Baisinsk  Stratus 

coepressions;  tuffite 

53 

South  Sipps- 

Korueburra  Sp., 

Claystone  coepres- 

H 

I and,  Victoria, 

Koonearra  Fossil 

sions 

Australia 

Bed 

54 

Las  Hoyas, 

La  Huerguina  Fe. 

Laeinated  lieestone 

t 

Cuenca,  Spain 

Unit  HI 

Late 

Cretaceous 

Cer.oeanian 

97.5-91 

Fritsch  1BB2;  Fric 
1901;  Hanolirsch 
1906/08 

Late. 

Cretaceous 

Cenonanian 

97.5-91 

Kdhne,  Kubig  A  Schlfi- 
ter  1973;  Schldter 
1975,  1978 

Late 

Cretaceous 

Cenoeanian 

97.5-91 

Koreilev  A  Popov  1966 

Late 

Cretaceous 

Cenonanian 

97.5-91 

Dorf  1967;  Eaerson 

1967 

Late 

Cretaceous 

tun assigned] 

97.5-65 

Ross  195B;  Langenheie 
1969;  Botosaneanu  A 
Nichard  1989 

Early 

Cretaceous 

Late  Albian 

105-98 

Hickey  and  Doyle  1977 

Early/Late 

Cretaceous 

TAlbian  to 
Cenoeanian 

7113-91 

Hagen  1382;  Northrup 
1928 

Early 

Cretaceous 

Aptian  to 
Cenoeanian 

119-91 

Rasnitsyn  1977a 

Early 

Cretaceous 

Aptian  to 
Albian 

119-97.5 

Sukacheva  196B,  Ras¬ 
nitsyn  1969;  Zherikin 
1978;  Krassilov  5 

A  Rasnitsyn  1982 

Early 

Cretaceous 

Late  Aptian 

115-113 

Brinnan  A  Chanters 
1986;  Dettaann  [CS6; 
Jell  A  Duncan  1966 

Early 

Cretaceous 

Late 

Hauterivian 

158-125 

San:  et  al.  1988 
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Ho.  Locality 

Litbostratioranlir 

Fossil  titholoov 

55 

Jezztne, 

■Sres  de  Base" 

Aider  of  araucaria- 

« 

southern 

ceous  origin  in  lig¬ 

Lebir.cn 

nite  and  sandstone 

Si 

Rontsech, 

Caliza  con 

Lithographic  liae¬ 

ii 

Lerida,  Spain 

Caradeas  Fn. 

stone  coapressions 

57 

Sleald  Region, 

Heald  Clay, 

Siltstone  iapres- 

a 

southern 

Saldhurst  Clay, 

sions 

England 

Fairlight  Clay, 
“Durlston  Fa." 

58 

Urtuya  4  Bol- 

Bukunskay  Suite 

Siltstone  cospres- 

< 

hoia,  Priar- 
guisky  Region, 
USSR 

sions 

59 

Purbeck, 

Purbeck  Liaestone 

Liaestone  iapressions 

♦ 

Dorsetshire, 

England 

60 

Salkina  4 

Karabastausk 

Shale  coapressions 

tit  Rikhailovka, 

Stratua 

Karatau  Range, 

Kazakhstan, 

USSR 

61 

Langenaltheia, 

Solnhofen  Fa., 

Lithographic  liae¬ 

H 

Bolnhofen  and 

Upper  Solnhofen 

stone  coapressions 

EichstStt, 
Bavaria,  FRS 

Liaestone  Heaber 

62 

Rogzon  4  Uda, 

Udinskaya  Fa., 

Shale  coapressions 

* 

Chita  District 
Transbaikalia, 
USSR 

,  Bukukun  Fa. 

63 

torkshire, 

Loner  Oolite  Fa. 

Insect  daaage  on  leaf 

i 

England 

coapressions  in  aud- 
stone 

64 

Haifanggou, 

Haifanggou  Fa. 

Claystone  coapres¬ 

H 

Liaoning 

and  Jiulongshan 

sions 

Prov.,  and 

Fa. 

Jiulongshan, 
Hebei-  Prov.; 

China 

Epoch/ 
forio d 

itili 

Absolute 

lefereaces 

Early 

Cretaceous 

Hauterivian 
tD  Aptian 

131-113 

Schlee  4  Dietrich 

1970;  Dietrich  1976; 
Hhalley  1977,  1978 

Early 

Cretaceous 

Late  Berra- 
sian  to  Early 
Valanginian 

137-139 

6arrido-Regias  4  Rios 
Aragdes  1972;  Bhalley 

4  Jarzeabouski  1985 

Early 

Cretaceous 

Berraisian  to 
Bar reel  an 

144-119 

Ednunds  4  Sallois 

1965;  Jarzenbouski 

1984 

Late  Jurassic 
to  Early 
Cretaceous 

Tithonian  to 
Berriasian 

150-138 

Kalugina  1969 

Late 

Jurassic 

Tithonian 

147-144 

Brodie  1345;  Zauner 
1939 

Late 

Jurassic 

Tithonian 

150-144 

Hartynov  1926;  Roden- 
dorf  et  al.  196B; 
Rasnitsyn  1969;  Crou- 
son  1981;  Hennig  1981 

Late 

Jurassic 

Early 

Tithonian 

150-147 

Zeuner  1939;  Kuhn 

1961;  Barthel  4  Jab- 
lonski  1979;  Sail 

19B3 

Riddle  to 
Late.  Jurassic 

Callovian- 

Osfordian 

169-156 

Skoblo  1966,  kovalev 
1962;  Binichenkova 
1983;  Kalugina  4 
kovalev  1965 

1  Riddle 
Jurassic 

Bajocian 

181-175 

Scott  4  Patterson 

1964 

Riddle 

Jurassic 

Bajocian 

181-175 

Hong  1963 
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lo.  locality 

lithostratioraphy 

Fossil  lithology 

Epoch/ 

Period 

Stage 

Absolute 
Age  MW 

References 

65  Kubekovo, 

<  Krasnoyarsk 

Rag ion,  USSR 

Itat  Ft. 

Shale  cospressions 

Middle 

Jurassic 

[unassigned] 

188-161 

Sharov  1971;  Sini- 
cnankova  1965;  Soro- 
chov  1889 

66  llovosgasskoye, 
h  Nova  Bryansk, 
Transbaikalia, 
Buryat  ASSR, 
USSR 

Ichetaya  Fa. 

Shale  coapressions 

Early  to 

Riddle 

Jurassic 

Toarcian  to 
Aaienian 

194-181 

Kovalev  1981,  1SS2 

67  'Jst-Balei  k 
to  lya,  Angara 
River,  Irkutsk 
Region,  USSR 

Cheveikhovsk 
Series,  Prisa- 
yansk  Stratua 

Shale  coapressions 

Early 

Jurassic 

Rliensbacnian 
or  Toarcian 

200-198 

Brauer,  Redtenbacher 
k  Sanglbauer  1989; 
Rasnitsyn  1969;  Sha¬ 
rov  1971;  Henr.ig  1881 

6B  Mecklenburg 
e  6  Dobbertin, 
Rostock,  SDR 

"Posidonien- 
schieFer*  or  la¬ 
teral  equivalent 

Shale  coapressions 

Early 

Jurassic 

Pliensbachian 
or  Toarciao 

200-1S3 

Handlirsch  1939; 
leuner  1939;  Bode 

1953 

69  Slouchester- 
«  shire,  Dorset, 
Haruickshira, 
k  Horchester- 
shire,  England 

Loner  Lias 
■Flatstone* 

Calcareous  audstone 
coapressions 

Early 

Jurassic 

Sineaurian 

206-200 

Brodie  1845;  Tillyard 
1933;  leuner  1962; 

Cope  ex  al.  1981; 
Hhalley  1985 

70  Ki:yl-Kiya 
«*  Qshsk  Region, 
Kirgni:  5SR, 
USSR 

Stratua  N 

Mudstone  coipres- 
sions 

Early 

Jurassic 

probably 

Sineaurian 

206-200 

Martynov  1937a; 
Rasnitsyn  1969; 
Sukacheva  1973 

71  Shurab  4  Kisyl- 
*  kiya,  IsaFara 
District,  Tad- 
chikstan,  USSR 

-  Shurab  Suite, 
Series  A,  S,  E,  H 
R  k  l 

Shale  coapressions 

1 

Early 

Jurassic 

Sineaurian  or 
Hettangian 

213-200 

Martynov  '.937a; 

Crouson  it  si.  1967 

72  Schaabelen, 
a  Aargau, 
Suitcerland 

•> 

Shale  expressions 

Early 

Jurassic 

Hettangian 

213-206 

Meer  1665;  Handlirscn 
1906/1909 

73  Issyk-Kul, 
h  Soguta,  Toask 
Reaicn,  Kirg- 
hi:  3SR,  USSR 

Dzhil'sk  Fa. 

Mudstone  caapres- 
sions 

Late  Trie 
to  Early 
Jurassic 

issic  Rhaetian  to 
Hettangian 

21R-20O 

Martynov  1937a;  Has- 
nitsyn  1969;  Sharov 
1971;  Hennig  1981; 
Sorocnov  1988 

74  Remark  Hill, 
<f  (Ipsuich), 
Queensland, 

Ipsuich  Series, 
Blackstone  Fa., 
Ipsuich  Insect 

Mudstone  coapressions  Late  Triassic  Rhaetian 

219-213 

Tillyard  1923c;  Dun- 
stan  1924,  Tindale 
1945 

Australia  Bel 
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No.  locality 


Lithostretioruh  Fossil  titiolcev 


Epoch/ 

Period 


Absolute 

ili  mm  References 


Slant 


75 

Botswana  and 

Storsberg  Series, 

[?!  Shale  iipressions 

« 

Transvaal, 

South  Africa 

Cave  5andstone 

76 

Virginia  6 

Dan  River  6p., 

Hicrolaiinated 

ft 

North  Carolina, 
USA 

Cos  Branch  Pi. 

siltstone 

77 

Holbrook, 

Chinle  Pa. 

Borings  in  petrified 

4 

Arizona,  USA 

araucariaceous  rood 

7B 

ftft 

Bird’s  River, 
Natal,  South 

Holteno  Pi. 

Shale  coopressions 

Africa 


Late  Triassic  Rhaetian  219-213  Haughton  1924; 

Zeuner  1939 

Late  Triassic  Carman  231-22S  Olsen  et  al.  1973 

Late  Triassic  [unassignedl  231-213  Salter  1938 

Late  Triassic  [unassigned]  231-213  Zeuner  1939;  Riek 

1974,  1975,  1976 


79 

Kt.  Crosby  A 

Ipseich  Series, 

Kudstone  coipressions 

<ft 

Dinaore, 

Blackstone  Pi., 

Queensland, 

Nt.  Crosby  In¬ 

Australia 

sect  Bed 

BO 

Beacon  Hill  A 

Haekesbury  Sand¬ 

Shale  coipressions 

ftft 

Brookvale,  Nee 

stone  Series 

South  Bales, 
Australia 

Bt 

Saverne  A 

Srds  4  Voltzia 

Shale  coipressions 

* 

Sarr  e-Union, 
Vosges,  NE 
France 

82 

Szhailyaucho, 

Upper  Kadygen- 

Claystone  coipres¬ 

ftf 

Nadygen,  Tur¬ 
kestan  Range, 
eestern  Kir¬ 
gizia,  USSR 

skaya  Suite 

sions 

B3 

Belaont  4  Bur¬ 

Neecastle  Coal 

Chert 

•ft 

ner  's  Bay,  Nee 
South  Bales, 
Australia 

Keasures 

84 

Kooi  River, 

Kiddle  Beaufort 

Shale  coipressions 

* 

Karoo  Basin, 

Series,  Bapto- 

Natal,  South 
Africa 

cephalus  Zone 

Late  Triassic  Carnian  231-225  Tindale  1945;  Riet 

1955;  Rasnitsyn  1969; 
Rozefelds  t  Settle 
1987 

Kiddle  [unassigned]  243-231  Riet  1950 

Triassic 


Early  Saithian  or  245-243  Hennig  1981;  Sail 

Triassic  Spathian  1983 


Early  Cunassignedl  248-243  Rasnitsyn  1969; 

Triassic  Sukacheva  1973 


Late  Penian  Tatarian  253-248  Tillyard  19266; 

Knight  1950;  Bootton 
1981 


Late  Persian  [unassigned]  258-248  Riek  1973 
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to.  locality  iithostratioraohy 

Fossil  lithology 

Epoch/ 

Period  Stage 

Absolute 
Age  (ATA1 

References 

85  Brodie  Creek  'Bodie  Creek  Beds' 
<  Head,  Malvinas/ 

Falklands, 

Argentina/UK 

Chert 

Late  Periian  Cunassignedl 

258-248 

Tillyard  1928c 

B4  Iva  Bora,  7 

<t  5heiio  Bora, 
h  Letopala; 

Soyana  River; 

Arkangelsk 

Region,  USSR 

Shale  coipressions 

Late  Periian  Kazanian 

7255-253 

Hartynov  1928,  1938a; 
Rohdendorf  1957; 

Sharov  1971 

87  Kargala,  nine'  tailings 

t  Peri  Region, 

USSR 

Shale  coipressions 

Late  Periian  Kazanian 

7255-253 

Zalessky  1933;  . 
Martynov  1937b 

88  Tikhie  Sorv,  ? 

«  Kaia  River, 

Tatar  ftSSR, 

USSR 

Shale  coipressions 

Late  Periian  Kazanian 

7255-253 

Martynov  1938a; 
Rohdendorf  1957 

89  Chekarda,  7 

<<  southern 

Urals,  USSR 

Siltstone  coipres¬ 
sions 

Early  Periian  Kungurian 

243-258 

Sharov  1971;  Hennig 
1981 

90  Elio,  Kansas,  Wellington  Fi. , 
«H  l  Noble  Co.,  Elio  Liiestone  i 
Dklahoia,  USA  Nidco  fleibers 

Siltstone  coipres¬ 
sions 

Early  Periian  Artinskian 

248-243 

Dunbar  l  Tillyard 

1924;  Carpenter  1930; 
1930b;  Tasch  i  Zii- 
leraan  1959,  1942 

91  Hauanskraal,  Middle  Ecca 

t  Transvaal,  Series 

South  Africa 

Carbonaceous  shale 
coipressions 

Early  Periian  Cunassignedl 

284-258 

Riek  1974a, 1974b; 
[7Pluistead  19431 

92  Obora,  Bosko-  7 
>  vice  Furroi, 

Noravia, 

Czechoslovakia 

Slate  coipressions 

Early  Periian  Artinskian 
to  Late  to  Szelian 
Carboniferous 

291-243 

Kukalova  1943,  1948; 
Croason  et  ai.  1947; 
Durden  1984 

95  Tunguska  Basin,  Burgukli  Series 
t  Krasnoyarsk 

Region,  USSR 

Shale  coipressions 

Early  Periian  Artinskian 
to  Late  to  Szelian 
Carboniferous 

291-243 

Martynova  1941; 

Croason  et  al.  1947 

94  Botha,  Thurin-  Rothliegende 
»«  gia,  OCR  Series 

Shale  coipressions 

Early  Periian  Artinskian  to 
to  Late  Car-  Early 
boniferous  Noscovian 

305-243 

Sutndr!  1934;  Staeske 
1943;  nailer  1975 

95  Coiientry,  Brand  Couche 

h  central  France 

Shale  coipressions 

Late  Szelian 

Carboniferous 

291-284 

Stevenson  1910; 
Carpenter  1943 
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Ho.  Locality 

iithostratioraphy 

Fossil  lithology 

Epoch/ 

Period 

Staoe 

Absolute 
Age  f/jYAJ 

References 

96  Macon  Creek, 
tee  Illinois,  USA 

Carbondale  Fa., 
Francis  Creek 

Shale  Header 

Siderite  nodules 

Late 

Carboniferous 

Late 

Moscovian 

298-294 

Handlirsch  1911; 
Richardson  1956; 

Baird  1979;  Baird  it 
ai.  1985a,  1965b 

97  Kusnetsk,  Kea- 
»«*  erov  District, 
Siberia,  USSR 

Upper  and  Loner 

Bal akhonki an 

Suites 

Shale  coapressians 

Late  Carboni- 

ferous/Early 

Persian 

TBashirskian 
to  Sakaarian 

7310-268 

Rodendorf  et  al. 

1961;  Hootton  1961; 
Durden  1984 

98  Horn!  Such!, 
a  Upper  Silesian 
Coal  Basin, 
Czechoslovakia 

'Coal  (leisures," 
Coal  Seat  31 

fludstone  compres¬ 
sions 

Late 

Carboniferous 

Yeadonian 

318-315 

Kukalovi  1958,  1964; 
Hennig  1961 

99  Hagen-Vorhalle, 
•<  Ruhr  Region, 

FRS 

Vorhalle  Beds 

Mudstone  iapressions 

Late 

Carboniferous 

Early 

Bashkirian 

318-316 

Brauckaann  1953 

100  Sulpen,  South  millstone  Srit 
•  Lieburg,  Holland 

Coalified  iapressions 

Late 

Carboniferous 

Early 

Bashkirian 

318-316 

Pruvost  1927;  Lauren- 
tiaux  1950;  Brauck- 
aann  1988 

101  Charleroi  Coal 
<  Basin,  Belgiue 

'Terrain  Houllier' 

Shale  coapressians 

Late 

Carboniferous 

Early 

Bashkirian 

318-316 

Laurentiaux-Uieira  4 
Laurentiaux  19B5; 
Brauckaann  1988 

102  Silboa,  Me« 

»  York,  USA 

Panther  Mountain 
Fa. 

Unaltered  cuticle  in 
in  a  black  audstone 

Middle 

Devonian 

Middle 

Sivetian 

379-376 

Shear  et  ai.  1984, 
1987;  Horton  et  aj. 
1988 

103  GaspO,  Guhbec, 

*  Canada 

Battery  Point  Fa. 

Unaltered  cuticle  in 
audstone 

Early 

Devonian 

Early  Easian 

392-390 

Labandeira  et  ai. 

198B 

104  Rbynie, 

♦  Scotland 

Old  P.ed  Sandstone 

Chert 

Early 

Devonian 

Siegenian 

401-394 

Hirst  4  ilaulik  1926; 
Tillyard  192Ba;  Tascn 
1957 
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APPENDIX  F 


DOCUMENTATION  OF  FOSSIL  HEXAPOD  OCCURRENCES  FOR  HOUTHPART  CLASS  6EOCHRONOLO6Y 

hohthpaat  class  u  ehtbshathate 

Fig.  31 


Entry 

Ho.  Taxon  Corresponding  to  Entry  Hotter 


Fossil 
It sect 

LUEilitl  Htieretces 


1.  Archpolypoda:  Kaipecar is  sp. 

2.  Canpodeidae:  Catpodea  darxiti  Silvestri 

3.  Testajapygidae:  Testa japyx  thoiasi  KukalovA-Peck 

A.  Japygidae:  Otchojapyx  schiidti  Pierce 

5.  Isotoaidae:  Rhytiella  praecursor  Hirst  fc  Naulik 

4.  Entonobryidae:  Penobrya  tirabilis  Riek 

7.  Entonobryidae:  Proteatotobrya  «a lteri  Foisoa 

8.  Isotoaidae:  Zsotona  crassiconis  Handschin,  Hypo- 
gasturidae:  Hypogastora  protoviatica  Handschin, 
Entonobryidae:  Orc/ieselia  eocaenica  Handschin 

9.  Isotoaidae:  Cryptopygos  sp.  (Nari  Nutt) , 
Entonobryidae:  Lepidocyrtos  sp.  (Mari  Nutt) 

10.  Isotoaidae:  Isotoiurus  retardates  Foisoa, 
Entonobryidae:  Eatoiobrya  ?triiasciata  Handschin 

11.  ?Neanuridae:  undescribed  Fora 

12.  Poduridae:  Podura  pulchra  Koch  k  Berendt 

13.  Snithurinidae:  Siitburfnus  breviconis  Koch  k 
Berendt 

14.  Snithurinidae:  Spbyrotheca  sp.  (Nari  Nutt) 


CPridolil  Alnond  1985;  Selden  &  Edwards  1989 
1191  Silvestri  1912 

196]  Kukalova-Peck  1987 
CNiocenel  Pierce  1950 

£1043  Hirst  &  Naulik  1926;  Sreenslade  1986 

C913  Riek  1976a 

1783  Foisoa  1937 

C193  Handschin  1926c 


[173  Mari  Nutt  1983 

[113  thristiansen  1971 

[1043  Sreenslade  1966 

[193  Koch  i  Berendt  1954;  Keilbach  1982 

[193  Koch  k  Berendt  1954;  Keilbach  1982 

[173  Nari  Nutt  1983  . 


KOUTHPAPT  CLASS  2:  HOHOCDHDYLATE 
Fig.  34 


1.  Testajapygidae:  Tesiajapyx  thoaasi  KukalovA-Peck 

[963 

Kukalova-Peck  1987 

2.  Caspodeidae:  Caipodea  darwini  Silvestri 

[193 

Silvestri  1912;  Larsson  1978 

3.  Japygidae:  Otychojapyx  scbaidti  Pierce 

[43 

Redell  1983 

4.  Neinertellidae:  ?Heoaacbilellos  sp.  Nygodzinsky 

[113 

Nygodzinsky  1971 

5.  ?Machilidae:  undescribed  Fragaents 

[1023 

Shear  et  a i.  1984 

6.  Machilidae:  undescribed  Toms 

[963 

Kukalova-Peck  1988,  pers.  conn. 

7.  ?Hachi lidae;  undescribed  Toms 

[373 

Zherikin  k  Sukacheva  1975 

8.  Machilidae:  itacliiiis  dfastatica 

[193 

OlFers  1908;  Larsson  1978 

9.  Machilidae:  "BorstenschwSnze* 

[173 

Schlee  6  Slockner  1978 

10.  Nachilidae  'Felsenspringer" 

[73 

Schunann  6  Nendt  1989 

11.  Palaeognathidae:  Saspea  palaeoectogoaihae  Laban- 
deira,  Beall  6  Hueber 

[1033 

Labandeira,  Beall  6  Hueber  1938 

1125 
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IMTIPJir  CUSS  3:  KMU  ECTOSH/UH/ITE 
Fig.  37 

Fossil 

Entry  Insect 

Ho.  Taxon  Corresmdino  to  Entry  Honber  Locality  Menaces 


1.  Palaeoectognathidae:  Palaeoectognatha  gasps a  [104] 

Labandeira,  Beall  4  Hueber  1988 

2.  Dasyleptidae:  ‘Dasyleptus’  Kukalovd-Peck  1987  [961 

3.  Dasyleptidae:  Dasyleptus  lucasf  Brongniart  [951 

4.  Dasyleptidae:  Dasyleptus  brongniarti  Sharov  C971 

5.  Dasyleptidae:  Lepidodasypus  sharovi  Durden  [901 

6.  Faiily  uncited:  "Felsenspringen*  C55] 

7.  Lepisnatidae  [373 

S.  Lepisnatidae  [333 

9.  Lepisnatidae  [153 

10.  Faaily  uncited:  'Felsenspringer'  [113 

11.  Lepidothricidae:  Lepidotbrix  pilifer a  Kenge  [63 

12.  Triplosobiidae:  Triplosoba  pulchella  Brongniart  C953 

13.  Meganeuridae:  Haiuroiypus  sippeli  Braucknann  6  [993 

Zessin 

14.  Palaeoperlidae:  Palaeoperla  exacta  Sharov,  [973 

Palaeonenouridae:  Paiaeosesoura  aitaica  Sharov 

15.  Palaeoperlariidae:  Per iopsis  filicornis  Martynov  [893 

16.  ?Leuctridae:  Perioleuctropsis  gracilis  Martynov  [873 

17.  ?6ripopterygidae:  Euxeaoperla  sinplex  Riek  [843 

18.  Eustheniidae:  Stenoperlidio  periianui  Tillyard  [833 

19.  Eustheniidae:  Jfesonotoperia  sinuata  Riek  [803 

20.  ?6ripopterygidae:  Euxeaoperla  ciara  Riek  [783 

21.  Eustheniidae:  Stenoperlidiui  triassi cui  Riek  [743 

22.  Taenopterygidae:  desotaeaiopteryx  elongata  Marty-  [713 

nov. ,  Mesoieuctridae:  ifesoleactra  exerta  Sini- 
chenkova 


23.  Mesoieuctridae:  (fesoleuctra  gracilis  Sinichenkova,  [673 
Platyperlidae:  Platyperia  platypoda  Sinichenkova, 
Taeniopterygidae:  ffesoaeioura  aaakii  Srauer, 
Redtenbacher  6  Sanglbauer  1889 

24.  Siberioperlidae:  S iberioperla  lacunosa  Sinichen-  [663 
kova 

25.  Nenouridae:  Pecfoseioura  yujiagouensis  Hong,  [643 
Taeniopterygidae:  Sinotaeaopteryx  luanpiagensis 

Hong 

26.  Siberioperlidae:  Siherioperla  btixuiunica  Sinichen-  [623 

27.  Baleyopterygidae:  ildopteryx  expansa  Sinichenkova,  [603 
Perlariopseidae 

28.  Gripopterygidae:  Eodinotoperla  duncanae  Jell  4  [533 

Duncan 

29.  Chloroperlariidae:  Dipso peri a  serpentis  Sinichen-  [523 
kova,  Perlariopseidae:  4ccretoneioura  grata  Sini¬ 
chenkova,  Baleiopterygidae:  Baissoieuctra  irinae 
Sinichenkova 


Labandeira,  Beall  6  Huever  1988 

Kukalovd-Peck  1987 
Brongniart  1885 
Sharov  1966 
Durden  1978 
Schlee  1972 

Zherikin  4  Sukacheva  1973 

George  1952 

Wilson  1978a 

Schlee  4  Glockner  1978 

Schuaann  4  Wendt  1989 

Brongniart  1893;  Cronson  et  al.  1967 

Braucknann  and  Zessin  1989 

Sharov  1961 

Martynov  1940;  Crawson  et  al.  1967 

Martynov  1937b 

Riek  1973 

Tillyard  1935b 

Riek  1953b 

Riek  1976b 

Riek  1956 

Martynov  1937a;  Sinichenkova  1987 


Sinichenkova  1987;  Brauer,  Redten¬ 
bacher  4  Sanglbauer  1889;  lilies  i965 


Sinichenkova  1987 
Hong  1983 


Sinichenkova  1987 
Sinichenkova  1987;  Rasnitsyn  1988 

Jell  4  Duncan  1986 

Sinichenkova  1987;  Rasnitsyn  1988 
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Fossil 

(ADULT  ECTOSNATHATE,  continued) 

Eatry 

hstet 

jo. 

Taxon  Corresiotdito  to  Entry  Knabtr 

Locality 

Inferences 

30. 

Pteranarcyidae:  Palaeopieron  cot plexus  Rice 

1473 

Rice  1968 

31. 

Faaily  undeternined 

1373 

Zherikin  l  Sukacheva  1973 

32. 

Faaily  undeterained 

[243 

Lutz  1987 

33. 

Neaouridae:  Keioura  ocularis  Pictet,  Perlidae: 

[193 

Pictet-Baraban  i  Hagen  1856;  Larsson 

Perl a  prise a  Pictet;  Leuctriidae:  Leuctra  linearis 
Hagen,  Taeniopterygidae:  7aeniopteryx  elosgata 
Hagen,  Perlodidae:  Per  lodes  resinata  (Hagen) 

1978 

34. 

Leuctriidae:  leuctra  priscuia  (Cockerell) 

[183 

Jarzeabawski  1980 

35. 

?Leuctriidae,  ?Capniidae 

[63 

Schuiann  6  Wendt  1989 

36. 

Taeniopterygidae:  Brachyptera  schaiditi  lilies 

[Pliocenl  lilies  1967 

37. 

Faaily  uncertain:  fiemtoiui  raiidui  Scudder, 

[963 

Scudder  1885;  Handlirsch  1908;  Crawson 

Progenetonun  carbonis  Handlirsch 

et  al.  1967 

38. 

Elcanidae:  Proiartyuoria  veaicosta  Sharov 

[903 

Tillyard  1937;  Zessin  1987 

39. 

Elcanidae:  Proeicaaa  urlica  Sharov 

[893 

Sharov  1962;  Zessin  1987 

40. 

Elcanidae:  Proiartyuoria  sojaneuse  Sharov 

[863 

Sharov  1962;  Zessin  1987 

41. 

Elcanidae:  Kesekasa  ladygenica  Sharov 

[823 

Sharov  1971  (1968);  Zessin  1987 

42. 

Locustopsidae:  Iriassolocusta  ieptoptera  Tillyard 

[793 

Tillyard  1922;  Crowson  et  al.  1967 

43. 

Haglidae:  Hagla  contorta  Riek 

[783 

Riek  1974 

44. 

Elcanidae:  Eicana  geisitri  Heer 

[723 

Geinitz  1880;  Zessin  1987 

45. 

Prophaiangopsidae:  4rdiaiofius  kisylkieasis  flarty- 

[713 

Martynov  1937a;  Sharov  1971  (19681 ; 

nov.,  Elcanidae:  4rc/ieicana  shuraiica  Sharov 

Zessin  1987 

46. 

Triassoeantidae:  Qrichalcut  ornatui  Hhalley, 

[693 

Zeuner  1937,  1942,  1962;  Hhalley  1985 

Sryllidae:  Protogryllus  sagnus  Zeuner,  Haglidae: 
Protohagla  iangi  Zeuner,  Elcanidae:  Arcliekana 
dursovaria  Hhalley,  Locustopsidae:  tocustopsis 


spedaiilis  Zeuner 


47. 

Elcanidae:  Pareicana  tenuis  Handlirsch,  Haglidae: 
Bagla,  sp.;  Sryllidae:  Protogryllus  ha ttorfensis 
Bode,  Locustopsidae:  Locustopsis  taculosa  Bode 

[683 

Handlirsch  1908;  Bode  1953;  Zessin 
1987 

48. 

Is+aropteridae:  Isfaroptera  yujiagouensis  Hong, 
Haglidae:  Sinoprop/iaiangopsis  reticulata  Hong, 
Elcanidae:  Eicana  reticulata  Handlirsch 

[643 

Handlirsch  1925;  Hong  1933 

49. 

Sryllacrididae:  Jurassobaiea  gryilacroides  Zeuner, 
Prophaiangopsidae:  Cyrtop/iyJIites  rogeri  Oppenhe- 
heia,  Elcanidae:  Eicana  phyllophora  Handlirsch 

[613 

Handlirsch  1908;  Zeuner  1939 

50. 

Prophaiangopsidae:  Paipfeagopsis  aacuiata  Hartynov, 
Elcanidae:  Eicana  linuta  Sharov 

[603 

Zeuner  1939;  Sharov  1971(1968); 
Zessin  1987' 

51. 

Tettiaoniidae:  Tenitidiui  ignotun  Westwood, 
Prophaiangopsidae:  Zaiioaa  brodei  Giebei, 
Elcanidae:  Eicana  tesseiiata  Westwood 

[593 

Westwood  1854;  Zeuner  1939;  Zessin 
1987 

52. 

Acridoidea,  Elcanidae,  Sryllidae,  Prophaiangop¬ 
sidae 

[573 

Jarzeabowski  1984 

53. 

Tridactylid  indet.;  ?firyl lacridoid  indet. 

[533 

Jell  and  Buncan  1966 

54. 

Elcanidae:  Baissekasa  sibirica  Sharov 

C523 

Sharov  1971(1968);  Zessin  1987;  Ras- 
nitsyn  1988 

55. 

Sryllidae 

[433 

(McKay  6  Ratner  1986) 

56. 

Sryllidae,  Locustopsidae 

C39  3 

Rasnitsyn  1988 

57. 

Acrididae 

[333 

(6eorge  1952) 
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Estry 

Ho.  Taxot  Corresponds  to  Entry  Umber 

58.  Acrididae 

59.  ?6ryllacrididae,  Ensifera 

60.  Tettigoniidae:  Tettigoniidaru*  sp.,  Sryllidae, 
Acrididae 

61.  Tetrigidae:  Succinotettix  ckopardi  Pi ton , 
Tettigoniidae:  Eonortonielks  handlirschi  Zeuner, 
6ryll acrididae:  Prorkapkidophora  zeateri  Chopard, 
Sryllidae:  Sryllulos  sp. 

62.  Sryllotalpidae:  Sryllotalpa  priia  Cockerell 

63.  Tettigoniodea,  Grylloidea 

64.  Sryllacrididae:  Palaeorekaia  aaculata  Cockerell; 

65.  Sryllotalpidae:  Reocartella  scknidtgeni  Zeuner 

66.  Acrididae:  Protocatantops  gracilis  Zeuner, 
Sryllotalpidae:  Sryllotalpa  aiocaenica  Zeuner, 
Tettigoniidae:  Rama  Iaticeps  Zeuner,  Sryllidae: 
aft.  Gecasthinarui 

67.  Tettigoniidae,  seiisu  laid,  Srylloidea 

68.  Tettigoniidae:  Platycles  speciosa  Heer 

69.  Seinitziidae:  Sbarabia  ferganensis  Rasnitsyn 

70.  Seinitzi Idas:  Fletckitzia  picturata  Riek 

71.  Seinitzi idae:  Shurabla  australis  Rasnitsyn 

72.  Seinitziidae:  Sburabia  sugutensis  Rasnitsyn 

73.  Seinitziidae:  Shurakia  ovaia  Rasnitsyn 

74.  Mescrthcpteridae:  Hesorthopteron  sinilis  Riek 

75.  Chaeteessidae 

76.  Ghateessidae 

77.  Ghateessidae:  Cksetoessa  brevialata  Siebel 

78.  Mantodea:  "Sottesanbeterinnen” 

79.  Mantidae 

80.  Mantodea 

51.  Mantidae:  “antis  boeitingensis  Zeuner 

82.  Arciiisyiacridae:  Aphtboroblattina  skstioai 
Laurentiaux 

83.  Spiloblattinidae:  Sysciopklebia  pygiaea  Heunier, 
Mesoblattinidae:  Haber leoblatta  reaigii  tern, 
Archisylacridae:  Arcbisyfacris  diensti  Suthfiri 

84.  Myiacridae:  ifetaxyblatta  groiotucbessis  Bekker- 
Migdisova 

85.  Archisylacridae:  Pkyloblatta  uralevsis  Martynov 

86.  Poroblattinidae:  Triassoblatta  sinplex  Riek, 
Mesoblattinidae:  Saaarofriatta  parvula  Riek 

87.  Mesoblattinidae:  Sogdobiatta  robusta  Martynov, 
Archisylacridae;  Xisylblatta  unifascia  Martynov 

88.  Mesoblattinidae:  Sannobiattina  peiuiantia  Whalley 

89.  Mesoblattinidae:  Ptyckoblattina  ciilatata  Bode 

90.  Mesoblattinidae:  Rhipidoblattina  iiagouensis  Hong 

91.  Mesoblattinidae:  ZitAoblatta  iithophila  Sersar 


Fossil 

Insect 

(ADULT  ECT06KATHATE,  continued) 

Locality 

References 

132 1 

Wi 1 son  1978a 

[241 

Lutz  1987 

[23,221 

Zeuner  1939;  Hi Ison  1978a 

C191 

Zeuner  1936;  Chopard  1936;  Piton  1938 
Keilbach  1982 

[181 

Zeuner  1939 

[171 

Schlee  k  Slockner  1978 

[15,131 

Zeuner  1939;  Wilson  1978a 

[93 

Zeuner  1937 

[73 

Zeuner  1931 

[63 

Schusann  1  Wendt  1989 

[33 

Heer  1865;  Zeuner  1939 

[B23 

Rasnitsyn  1982 

[783 

Riek  1976b 

[743 

Rasnitsyn  1952 

[733 

Rasnitsyn  1982 

[713 

Martynov  1937a 

[783 

Riek’ 1974 

[523 

Rasnitsyn  1988 

C393 

Rasnitsyn  1988 

C193 

Siebel  1862:  Crouson  ei  al.  1967 

C173 

Schlee  k  Slockner  1978 

[153 

Wilson  1978a 

[113 

Baroni-lirbani  k  Saunders  1982 

[73 

Zeuner  1931 

[Bashki 

rl  Laurentiaux  1953 

[943 

Dohrn  1897;  Meunier  1904b;  Suthdrl 
1934 

(973 

Bekker-Migdisova  1961 

CB73 

Martynov  1937b 

C783 

Riek  1976 

[713 

Martynov  1937a 

[693 

Whailey  1935 

[683 

Bode  1953 

C643 

Hong  1983 

[613 

Sersar  1839;  Kuhn  1961 
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Eatry 

Fossil 

hsect 

(ADULT  ECTQGNATHATE,  continued) 

Ho.  Taxo i  Corresioadim  to  £atr y  Umber 

Locality 

References 

92.  Raphidioaiaidae:  Rap/u'dioiiaa  cbitaera  Vishnia- 

C601 

Vishniakova  1968,  1973 

kova,  Hesoblattinidae:  Karataroiiatta  Zoagicauda 

Vishniakova 

93.  Hesoblattinidae 

C571 

Jarzeaboaski  1984 

94.  Hesoblattinidae:  Artitodlatta  hispaaica  Whalley  4 

C561 

Whalley  k  Jarzeaboaski  1985 

Jarzeaboaski  1985 

95.  Hesoblattinidae 

[541 

Sanz  et  ai.  1988 

96.  Blattidae:  ?Mfiaoa 

1531 

Jell  k  Duncan  1986 

97.  Hesoblattinidae 

[521 

Rasnitsyn  1988 

98.  Hesoblattinidae 

[45] 

SchlSter  1978 

99.  Blattulidae,  Blatellidae,  Blattidae 

[39] 

Rasnitsyn  1988 

100.  Blattodea  'larvae” 

[37] 

Zherikin  k  Sukacheva  1973 

101.  Blattidae 

[32] 

Wilson  1978a 

102.  Blattodea 

[25] 

Saunders  et  ai.  1974 

103.  Blattidae 

[24,231 

Wilson  1978a;  Lutz  1937 

104.  Polyphagidae:  Poiypbaga  fossilis  Shelford,  Blat¬ 
tidae:  Polyzosteria  tricospidata  Gersar  4  Berendt, 

[193 

Seraar  k  Berendt  1856;  Sheltord  1910; 
Keilbach  1982 

Blatellidae:  Slatelia  yoiaoda  Shelford,  Blabe- 
ridae:  Perisphaeriinae,  Nyctiboridae:  IHyctibora 
succini  Shelford 

105.  Blattariae  ("Schaben”! 

[173 

Schlee  4  Slockner  1978 

106.  Blattidae 

[153 

Wilson  1978a 

107.  Blattodea 

[113 

Baroni-Urbani  4  Saunders  1982 

108.  Blattoptera  (“Schaben”) 

[63 

Schuaann  k  Wendt  1989 

109.  Hadoteraitidae:  Beiatenes  bertraai  Lacasa-Ruiz  4 

[563 

Lacasa-Ruiz  k  Hartinez-Deldbs  1986 

Hartinez-Deldis  1986 

110.  Hodoteraitidae:  Yalditertes  breaanae  Jarzeaboaski 

[573 

Jarzeaboaski  1981 

111.  Hodoteraitidae 

[523 

Rasnitsyn  1988 

112.  Hodoteraitidae:  Cretateries  carpenter:'  Eaerson 

[473 

Eaerson  1967 

113.  Mastoteraitidae 

[453 

Schlftter  1978 

114.  Isoptera 

C373 

Zherikin  k  Sukacheva  1973 

115.  Isoptera 

[363 

Sriaaldi  et  ai.  1989 

116.  THastoteraitidae 

[353 

Daitriev  4  Zherikin  1988 

117.  Hastoteraitidae 

[323 

Wilson  1978a 

118.  Kaloteraitidae:  Weoteries  grassei  Eaerson 

[273 

Eaerson  1969 

119.  Hastoteraitidae:  Slaitoteraes  nheeleri  Collins 

[253 

Eaerson  1965 

120.  Isoptera 

1243 

Lutz  1987 

121.  Hastoteraitidae:  Zdoiastcieries  ly sticus  Haupt 

[223 

Eaerson  1965 

122.  Kaloteraitidae:  Electroteries  giradi  (Siebel), 

[193 

Burnhaa  i978;  Keilbach  1982 

Teraposidae:  Teraopsis  breaii  (Heer) 

123.  Kaloteraitidae:  Kalotenes  disruptus  (Cockerell), 

[183 

Jarzeaboaski  1976,  1980 

Rhinoteraitidae:  Reiicoiiteraes  sp. 

124.  Isoptera  t'Teraiten”) 

[173 

Schlee  4  Slockner  1978 

125.  Teraitidae,  Rhinoteraitidae,  Hodoteraitidae, 

C153 

Wilson  1973a 

Teraopsidae,  Kaloteraitidae,  Hastoteraitidae 

126.  Teraposidae:  Caicariteries  retos  Eaerson, 
Kaloteraitidae:  Coptotenes  suciaeus  Eaerson 

[113 

Eaerson  1969,  1971;  Burnhaa  1978; 
Keilbach  1982 
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Ea  try 
ki 

Taxm  Corresaoadiag  to  Entry  Holier 

Fossil 

Insect 

locality 

(ADULT  ECTOGNATHATE,  continued) 

References 

127. 

Hastateraitidae:  (llaeriella  aartymi  Zeuner, 

C9,B3 

Zeuner  1938;  Eaerson  1969 

128. 

Kaloteraitidae:  Xaloteraes  rbenanus  Hagen 

Isoptera  (’Teraiten*) 

[63 

Schuaann  k  Wendt  1989 

129. 

Hastoteraitidae:  flastoternes  tinor  Pongraci 

[53 

Eaerson  1965 

130. 

Kaloteraitidae:  Cryptoteraes  ryshkoT-fi  Pierce, 

[4,33 

Eaerson  1965,  1969 

131. 

Hastoteraitidae:  flastoternes  insign is  (Heer) 
Sheiaiidae:  Sheiia  sojaoensis  Hartynova 

[863 

Hartynova  1958;  Crouson  et  a 1.  1967 

132. 

Eabiidae:  fiectroenbia  astiqua  Pictet 

[193 

Pictet  1854;  Keilbach  1982 

133. 

Teraopsidae:  Coptoternes  priscus  Eaerson 

[173 

Eaerson  1971;  Keilbach  1982 

134. 

Eabiidae 

[153 

Wilson  1973a 

135. 

Eabioptera 

[113 

Baroni-Urbani  and  Saunders  1982 

136. 

Chresaodidae:  Prochresnoda  iongipoda  Sharov 

[823 

Sharov  1971 <1968) 

137. 

Aeroplanidae:  .(eropiana  tirabilis  Till yard 

[743 

Tillyard  1918;  Sharov  1971(1968) 

138. 

Aerophasaatidae:  Doraoraria  parallels  Whalley 

[693 

Whalley  1985 

139. 

Chresaodidae:  Chresaodella  iategra  Bode 

[683 

Bode  1953 

140. 

Chresaodidae:  Cftresnoda  obrcara  Seraar 

[61 

Seraar  1839 

141. 

Necrophassatidae:  hecrophassa  sbabarovi  flartynov, 

[603 

Hartynov  1925,  1928 

142. 

Aerophasaatidae:  4erophasna  prynadai  flartynov 
Prochresacdidae 

[523 

Rasnitsyn  1988 

143. 

Cretophasaatidae 

[393 

Rasnitsyn  1988 

144. 

Phasaatodea 

C243 

Lutz  1987 

145. 

Phasaatidae:  Pseudoperla  iiseata  Pictet 

[193 

Pictet-Baraban  &  Hagen  1856; 

146. 

Phasaatidae 

[153 

Keilbach  1982 

Wilson  1978a 

147. 

Protodiplatidae:  Brevicula  grains  Whalley 

[693 

Whalley  1985 

148. 

Protodiplatidae:  Protodiplatys  fortis  flartynov, 

[603 

flartynov  1925;  Croason  et  al.  1967 

149. 

Pygidicranidae:  SEienorioia  oblisuotruricata 

Hartynov 

?Deraaptera 

[333 

Beorge  1952 

150. 

Forticulidae:  Fort'icula  baltica  Burr, 

[193 

Burr  1911;  Keilbach  1982 

151. 

Labiduridae:  ILabidura  sp. 

Oeraaptera  i’Ohrwflrser) 

£173 

Schlee  k  Slockner  1978 

152. 

Forficulidae 

[153 

Wilson  1973a 

153. 

Beraaptera 

[113 

* Baroni-Urbani  k  Saunders  1982 

154. 

Forficulidae 

[63 

Schuaann  4  Wendt  1939 

155. 

Zorotypidae:  Zorotypas  paiam  Poinar 

[173 

Poinar  1988 

156. 

Dichentoaiidae:  Oicbentoaua  tinctui  Tillyard 

[903 

Tillyard  1926c;  Carpenter  1932 

157. 

Hoplopleuridae:  Heobaeiatopinus  reiictns  Dubinin 

[Pleist.3  Laurentiaux  1953 

158. 

Lophioneuridae:  Tschekardus  hispidus  Vishniakova 

[B93 

Vishniakova  1981 

159. 

Protoposobolidae:  Protoprosobole  straeleni 

[1013 

Laurentiaux  1952 

160. 

Laurentiaux 

Peraaleurodidae:  Peraaleurodes  ratsadatus  Bekker- 

[973 

Bekker-fligdisova  1961 

rtigdisova,  Persaphidopseidae:  Kaitanap/iis  pertien- 
sis  Bekker-fligdisova,  Archescytinidae:  Peracpsylla 
kuzneisiiensis  Bekker-fligdisova,  Blattaprosobolidae: 
8lattoprosobo!e  toaieasis  Bekker-fligdisova  1961, 
Pereboriidae:  Hearopibrocha  raiisubcostaiis  Bekker- 
fligdisova 
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Entry  Insect 

Ho.  Taxon  CorresiotditQ  to  Entry  Huber  Locality 


161.  Hydrocorisae  C763 

162.  Asiocoleidae:  isiocoieus  BOKojiion'  Rohdendorf,  [973 
Cupedidae:  Eocopes  lajatovitschi  Rohdendorf, 


Kaltanocoleidae:  Kaitanocoieus  pospelovi  Rohden¬ 
dorf,  Peraasyntdae:  Adeeosyte  sibirica  Rohdendorf, 
Taldycupedidae:  Sc?fii*t<rfdj[cupes  asaojeri  Rohden¬ 
dorf 

163.  Faaily  undetenined:  Curcaliopsis'ellipticus  CB73 

Hartynov 

164.  Cupedidae:  Ifesocupoides  indistioctas  Ponoaarenko,  1823 
Catiniidae:  Catinoides  rotundatus  Ponoaarenko, 
Triaplidae:  Triaplus  laticoxa  Ponotarenko 

165.  ?Silphidae:  Pseudosilpbites  triassicas  Zeuner,  C783 

Persosynidae:  Meiosyne  prisca  Riek,  Oaaatidae, 
Cupedidae:  (toitenocupes  totmrowi  leaser 


166.  ?HitaIidaef  ?Buprestidae  C!6j 

167.  Scarabaeidae:  4po/irodiites  protogaea  Hear;  C723 

?Elateridae:  Hegacentrus  tristis  Heer 

168.  Oaaatidae:  ffotocupes  crassus  Ponoaarenko;  [713 

Coptodavidae 

169.  Elateridae:  Eiaterina  iiassica  Sardiner,  C693 

Cupedidae:  tiassocupes  parous  Zeuner,  Drypoides, 
?Carabidae:  Hotokistus  brodiei  Handlirsch, 

Byrrhoidea 

170.  Liadytidae:  4ngaragai>us  jurassicus  Ponoaarenko  [673 

171.  Coptodavidae:  Stygeonectes  jurassicus  Ponoaaren-  [663 
ko,  Siiphidae:  ifesagy rtes  coieunis  Ponoaarenko, 
Hydraenidae:  ‘Ochtebiites‘  altus  Ponoaarenko, 

Staphyli noidea 


172.  Triaplidae,  Trachypacheidae,  Cupedidae,  Cupedidae,  [643 
Taidycupidae,  Nitidulidae,  Ceraabycidae 

173.  ?Hydrophilidae:  Pseudohydrophihs  avitus  Reyden,  C613 
?Dryopidae:  Parasilphites  angusticoiiis  Qppen- 
heiaer,  Scarabaeidae  Seotrupes  iithograpliicus 
Beichahller 

174.  Mordellidae:  Praeaordeiia  lariysovi  Scegoieva-  [603 

Bascillidae:  Hesodascilla  jacobsoai  Hartynov; 

Hydraenidae:  ’Bchtebiites"  altos  Ponoaarenko; 

Cupedidae;  Adeaosynidae;  Catiinide;  Schizophoridae; 
Syrinidae;  Coptodavidae;  Trachypacheidae;  Cara- 
bidae;  Eucinetidae;  Byrrhidae;  Elateridae;  Bupres- 
tidae;  Scarabaeidae;  Staphylinidae;  Hydrophilidae; 
lophocateridae;  Peltidae;  Trogossitidae;  Proto- 
cucujidae;  Cucujidae;  Scraptiidae;  Allecuiidae; 
ChrysGaelidae 

175.  Buprestidae:  ?Chrysobotris  baliae  Hhalley  4  [563 

3arzeabowski 

176.  Cupedidae;  Elaterit'oraia  [573 


1131 

(ADULT  ECT06NATHATE,  continued) 
kefernces 


Olsen  et  ai.  1978 
Rohdendorf  1961 


Hartynov  1937b 
Ponoaarenko  1969a,  1977 


Zeuner  1931,  1961;  Riek  1974 


Olsen  et  ai.  1973 
Heer  1865;  Crowson  1981 

Ponoaarenko  1969a,  1977 

Handlirsch  1908;  Sardiner  1961; 
Zeuner  1962;  Hhalley  1985 


Ponoaarenko  1963;  Crowson  et  ai. 
1967;  Ponoaarenko  1977 


Hong  1983 

Deichafiller  1886;  Ponoaarenko  1977; 
Crowson  et  ai,  1967 


Scegoleva-Barovskaya  1929;  Crowson 
et  ai.  1967;  Ponoaarenko  1977 


Hhalley  4  Jarzeabowski  1985;  Lacasa- 
Ruiz  4  Hartinez-Delclbs  1986 
Jarzeabowski  1984 
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Entry 

Ho.  Ttxon  Corresioaditt  to  Entry  Hanbtr 


Fossil  (ADULT  ECTOfiKATHATE,  continued) 

Insect 

Locility  He f enacts 


177.  Cupedidae,  Adenosynidae  f  x  C543 

178.  Hydraenidae,  Hydrophilidaei  Staphylinidae,  [531 

Pselaphidae,  Helodidae,  Cailtharidae,  Hordellidae 

179.  Carabidae,  Trachypacheidae,  6yrinidae,  Carabidae,  [523 
Hydrophilidae,  Scarabaeidae, 

180.  Trachypacheidae;  Staphylinidae:  Steaus  itexpec-  C 46, 453 

tatas  Schlllter  ( 

181.  Carabidae,  Staphylinidae,  , Scarabaeidae,  [433 

Elateroidea 

182.  Dytiscidae  [393 

183.  Staphylinidae,  Ceraphytidae,  Helodidae,  Lathri-  [373 
didae,  Passandridae,  Cryptophagidae,  Throscidae, 
Acanthocnesidae,  Colydiidae 

184.  Staphylinidae,  Scydsaenidae,  Ceraabycoidea  [353 

185.  ?Carabidae  [333 

186.  Carabidae,  Hydrophilidae,  ?Noteridae,  ?Helodidae,  [323 
Elateridae,  Scarabaeidae,  Buprestidae,  Chrysone- 
lidae,  Tenebrionidae 

137.  Carabidae,  Scarabaeidae,  Eucneaidae,  Throscidae,  [26,253 
Anobiidae;  Coiebptera 

188.  Carabidae,  Staphylinidae,  Dascillidae,  Lucanidae,  [243 

Scarabaeidae,  Elateridae,  Buprestidae,  Chryso- 
selidae,  Ceranbycidae 

189.  Carabidae,  Dytiscidae,  Hydrophilidae,  Staphyli-  [23,223 

nidae,  Scarabaeidae,  Nosodendridae,  Elateridae, 

Anobiidae,  Ptinidae,  Nitudulidae,  Cucujidae, 
Cryptophagidae,  Erotylidae,  flelandryidae,  Hor¬ 
dellidae,  Rhipiphoridae,  Ceranbycidae,  Bruchidae, 
Chrysoselidae;  Cupedidae,  Staphylinoidea,  Silphi- 

dae,  Scarabaeidae,  Buprestidae,  Elateridae, 

Qedeaeridae,  Tenebrionidae,  Ceranbycidae,  Chryso- 
nelidae 

190.  Cupedidae,  Carabidae,  Dytiscidae,  Gyrinidae,  [193 

Ptiliidae,  Silphidae,  Scydeaenidae,  Staphyli¬ 
nidae,  Pselaphidae,  Hicronalthidae,  Lycidae, 

Canthariidae,  Cleridae,  Dascillidae,  Helodidae, 

Circaeidae,  Elateridae,  Artenatopidae,  Eucnenidae, 
Throscidae,  Buprestidae,  Dryopidae,  Dernestidae, 
Rhizophagidae,  Nitudilidae,  Cucujidae,  Colydiidae, 
Lathriidae,  Hycetophagidae,  Anobiidae,  Phytidae, 
Endonychidae,  Pedilidae,  Pyrnchroidae,  Aderidae, 
Scraptiidae,  Anthicidae,  Heloidae,  Rhipiphoridae, 
Hordellidae,  Lagriidae,  Alleculidae,  Serropalpi- 

dae,  Tenebrionidae,  Ceranbycidae,  Chrysoselidae, 
Scarabaeidae,  Lucanidae,  Curculionidae 

191.  Carabidae,  Staphylinidae,  Elateridae,  Endosychi-  [173 
dae,  Chrysonelidae,  Ceranbycidae 


Sanz  et  al.  1988 
Jell  6  Duncan  1986 

Nitrikin  1977 

Pononarenko  1977;  Schlflter  1978 
HcKay  &  Rayner  1986 
Pononarenko  1977 

Zherikin  6  Sukacheva  1973;  Arnoldi 
et  ai,  1977 

HcAlpine  4  Hartin  1969 
Seorqe  1952 

Wilson  1978a;  Hitchell  4  Wighton  1979 


Britton  1960;  Saunders  et  ai.  1974 
Lutz  1987 


Wilson  1978a;  Haupt  1950 


Voss  1953;  Larsson  1978:  Cromson 
1981;  Keilbach  1932 


Schlee  4  Slockner  1978 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


1133 


Eatry 

to.  Tam  Corresioadiig  to  Eitry  Butter 


Fossil  (ADULT  ECT06NATHATE,  continued) 

la sect 

Locality  Rtf tr tacts 


192.  Carabidae,  Dytiscidae,  Hydrophilidae,  Silpbidae,  [IS] 
Staphylinidae,  Lucanidae,  Scarabaeidae,  Heiodidae, 
Dascillidae,  Byrrhidae,  Psephenidae,  Dryopidae, 
Chelonariidae,  Buprestidae,  Elateridae,  Throscidae, 
Eucneaidae,  Laipyridae,  Cantharidae,  Lycidae, 

Melridae,  Dernestidae,  Anobiidae,  Ptinidae, 
Bostrychidae,  TrogoesHidae,  Cleridae,  Cucujidae, 
Lyaexylidae,  Nitidulidae,  Cryptophagidae,  Cocci - 
nellidae,  Erotylidae,  Lathridiidae,  Colydiidae, 
Mycetophagidae,  T^nebrionidae,  Alleculidae, 

Pythidae,  Helandryidae,  Hordellidae,  Qedeaeridae, 
Rhipiphoridae,  Melordae,  Anthicidae,  Bruchidae, 
Ceraabycidae,  Chrvsoielidae,  Anthribidae;  Chryso- 
aelidae,  Curculionoidea 

193.  Carabidae,  Hydraenidae,  Hydrophilidae,  Leiodidae,  C63 
Pselaphidae,  Ptiliidae,  Scynaenidae,  Staphylinidae, 
Claabidae,  Heiodidae,  Eucinetidae,  Arteaatopidae, 
Elateridae,  Eucneaidae,  Throscidae,  Byhrrhidae, 
Anobiidae,  Ptinidae,  Cleridae,  Helyridae, 

Ostoaidae,  Oeraestidae,  Lyaexilidae,  Sphindidae, 
Cucujidae,  Nitulidae,  Phalacridae,  Endoaychidae, 
Coccinellidae,  Lathriidae,  Anthicidae,  Colydidae, 
Cisidae,  Hordellidae,  Scraptiidae,  Gedoaeridae, 
flycetophagidae,  Chrysoaelidae,  Ceranbycidae 

194.  Staphylinidae:  Carpeliaes  sp.,  Nitidulidae:  [41 

Cybocepbalus  cf.  ca Iifornicus  Horn 

195.  Carabidae,  Hydrophilidae,  6eoryssidae,  Ptiliidae,  [11 
Staphylinidae,  Scydaaenidae,  Byrrhidae,  Anobiidae, 


Lathridiidae,  Colydidae,  Chrysoaelidae 

196.  Hvraecolaccidae:  Stichotreia  eocaenicua  (Hauptl  [223 

197.  Peraithonidae:  Peri itbonopsis  baitaneasis  Harty-  C973 

nova,  Paiaeaerobiidae:  Palaeaerobias  latibasis 
Martynova 

198.  Sialidopsidae:  Siaiidopsis  siiiiis  Martynov  [873 

199.  Peraithonidae:  Peraithoae  btiaontensis  Tillyard  [833 

200.  Polystoechidae:  Lithosaylidia  lineata  Riel  [793 

201.  Neuroptera  [763 

202.  Palatoaerobiidae :  Propsychopsis  mos a  Tillyard  [743 

203.  Osaylidae:  Scguta  speciosa  Martynova  [733 

204.  Mesopolystoechidae:  tesopolystoecbas  apicaiis  [713 

205.  Brongniartellidae:  Actiaophlebia  iattraixia  [693 

(Scudder),  Mesopolystoechidae:  tesopolystoechus 


lapiificus  Tillyard;  Kalligraaaitidae:  Paractino- 
pklebia  curisii  (Scudderi;  Peraithonidae:  4rcbae- 
osiyius  coaplexus  Hhalley 

206.  Proheaerobiidae:  XesosayJita  exortata  Bode;  [683 

Psychopsidae:  Liassopsychops  carvata  Bode 
207. .  Mesithonidae:  Sibithoae  dicbotoaa  Ponoaarenko  [663 


Wilson  1978a;  ThAobald  1937;  Cronson 
1981 


Barthel  It  Hetzer  1982;  Schuaann  i 
Wendt  1989 


Paleer  1957 
Hopkins  et  ai.  1971 

Haupt  1950;  Kinzelbach  a  Lutz  1985 
Martynova  1961 


Martynov  1937b 
Tillyard  1926d 
Lashkin  1988 
Olsen  et  ai.  1978, 
Tillyard  1917 
Martynova  1958 
Martynov  1937a 
Whalley  1983 


Bode  1953 
Ponoaarenko  1985 
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fossil  (ADULT  ECTOGNATHATE,  continued) 

Entry  Insect 

Vo.  Taxon  Correstondino  to  fairy  Ranter  Locality  References 

209.  Osnylitidae:  Sinosnylites  pectiaatus  Hong,  C643  Hong  1983 

Psychopsidae:  Beipiaopsychops  triangulate  Hong, 

Hesopolystoechidae:  Resopolystoeciws  nasgying- 
zieasis  Hong 

209.  Nyiphitidae:  Hyapkites  prise us  (Heyenbergh) ,  1613  Hagen  1862;  Heyenbergh  1869;  Heunier 

Osnylitidae:  flsnylites  protogaeus  (Hagen),  1898;  Halt her  1904;  Kuhn  1961 

Hesochrysopidae:  Kesochryscpa  zitteli  (Heunier), 

Kalligranaatidae:  Kalligraaaa  haeckeli  Halther 

210.  Hesithonidae,  Prohenerobiidae,  Osnylopsycbopsidae,  1603  Rasnitsyn  1988 

Kalligrannatidae,  Osnylidae,  Hesochrysopidae, 

Nyiphitidae,  Coniopterygidae 

211.  Brongniartiellidae:  Pteriaeblattiaa  peoaa  Scudder  [593  Scudder  18B5;  Hhalley  1988 

212.  Brongniartiellidae,  Kalligrannatidae,  Psychopsidae  C573  Rasnitsyn  1988 

213.  Hesithonidae,  Prohenerobiidae,  Hesochrysopidae,  1523  Rasnitsyn  1988 

Osnylidae,  Nyiphitidae 

214.  ?Hyrneleontidae:  Palaeoleoa  ferrogeaeticss  Rice;  147,453  Rice  1968;  Schldter  1978 

Berothidae:  Retinoierotha  stuerieri  Schldter 

215.  Heaerobiidae,  Psychopsidae,  Ascalaphidae,  1393  Rasnitsyn  1988 

Nyiphitidae 

216.  Coniopterygidae:  SJaesoconis  critic a  Heinander  1373  Heinander  1975 

217.  Osnylidae:  Euporisiiies  balli  Tillvard  1303  Lanbkin  1987 

218.  Coniopterygidae:  Henisenidalis  sharovi  Heinander,  1193  Pictet-Baraban  k  Hagen  1856;  Krdger 

Henerobiidae:  Propbleboae la  resinata  Krdger,  1923;  Bode  1953;  HacLeod  1970;  Hein- 

Nynphidae:  Protynphes  nengeanas  (Hagen),  ander  1975;  Larsson  1973;  Keilbach 

Ascalaphidae:  Rea delphus  protae  HacLeod,  1982 

Berothidae:  Proberotha  prisca  Krdger, 

Osnylidae:  Protosnyius  pictas  (Hagen), 

Psychopsidae:  Liassopsychops  curvata  Bode, 

Sisyridae:  Sisyra  anissa  Hagen 


219. 

220. 

Hantispidae:  Pronantispa  reiicta  (Cockerell), 
Henerobiidae:  Reierobius  iinctus  Jarzenbonski , 
Chrysopidae,  Sisyridae 

1183 

Jarzeabowski  1980 

221. 

Nenopteridae,  Chrysopidae,  Henerobiidae 

1153 

Hi Ison  1978a 

222. 

Sisyridae:  Sisyra  sp.* 

163 

Schunann  k  Hendt  1989 

223. 

Hesoraphiididae:  Betarapbidia  confusa  Whatley 
Baissopteridae:  Priscaeaigna  oitasa  Whalley 

1693 

Whalley  1985 

224. 

Hesoraphidiidae 

1603 

Rasnitsyn  1988 

225. 

Hesoraphidiidae 

1573 

Jarzenbonski  1984 

226. 

Hesoraphidiidae 

1543 

Sanz  et  al.  1938 

227. 

Alloraphidiidae 

1473 

Carpenter  1967 

228. 

Inocelli idae 

1393 

Rasnitsyn  1933 

229. 

Raphiidae 

1323 

Hi Ison  1978a 

230. 

Inocellidae:  Inoceiiia  pecui fan's  Carpenter, 
Raphidiidae:  Raphidia  baltica  Carpenter 

1193 

Carpenter  1956 

231. 

Raphidiidae,  Inocellidae 

1153 

Hilson  1978a 

232. 

Pernosialididae:  Pernosiaiis  sfbirica  Hartynova 

i973 

Hartynova  1961;  Croason  et  al.  1967 

233. 

Pernosialididae:  Pernosiaiis  biiasciata  Hartynov 

1863 

Sharov  1953;  Hennig  1981 

234. 

Euchauliodidae:  Eucbauliodes  distincius  Riek 

1783 

Riek  1974 
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Fossil 

(ADULT  ECT06HATHATE,  continued) 

Entry 

Insect 

|o. 

Taxon  Corresioadiao  to  Entry  Haaber 

IS¬ 

IS 

11 

References 

235. 

Dorniellidae:  DornieZZa  puZchra  Bode 

[68] 

Bode  1953 

236. 

Corydaiidae:  Cretochaulias  Iacustris  Pononarenko 

[521 

Pononarenko  1976 

237. 

Corvdalidae:  Cbaaliosialis  sakatsbevae  Pononarenko  [37] 

Pononarenko  1976 

238. 

Sialidae:  Siaiis  sp.,  Corydaiidae:  Chauiiodes 

[19] 

Pictet-Baraban  4  Hagen  1856;  Keilbach 

prisca  Pictet 

1982 

239. 

Sialidae 

[15] 

Wilson  1978a 

240. 

Xyelidae:  Xyeiiius  najos  Rasnitsyn 

[82] 

Rasnitsyn  1969 

241. 

Xyelidae:  drcbexyela  crosby i  Riek 

[79] 

Rasnitsyn  1969 

242. 

Myrniciidae:  Sburabisca  liassica  Rasnitsyn 

[711 

Rasnitsyn  1968 

243. 

Xyelidae:  tiadoxyela  praecox  Rasnitsyn 

[67] 

Rasnitsyn  1966,  1969 

244. 

flnaxyelidae:  Kygtatias  beipiaoeasis  Hong, 

[64] 

Hong  1983 

Beipiaosiricidae:  Beipiaosirex  parra  Hong, 
Cephidae:  Sioocephas  beipiaoeasis  Hong, 
Sinoryssidae:  Siaoryssas  suai  Hong,  Paaphiiidae: 
Hesol yda  rara  Hong 

245.  Siricidae*.  Pseudosirex  gracilis  Oppenheis 

246.  Paroryssidae:  Paroryssas  exiensus  Martynov, 
Xyelidae:  Kicroxyelecia  bracbycera  Rasnitsyn, 
Xyelotoaidae:  Xyelc-toaa  nigricorvis  Rasnitsyn, 
Syntexidae:  Bracbysyatexis  brachyura  Rasnitsyn, 
Karatavitidae:  Karaiarites  jurassicas  Rasnitsyn, 
Paraoryssidae:  Paroryssus  extmus  Martynov, 
Cephidae:  Hesocephas  sibiricus  Rasnitsyn, 
Siricidae:  Praesirix  hirtas  Rasnitsyn 


[611 

[601 


Kuhn  1961 

Martynov  1925;  Rasnitsyn  1963,  1969, 
1969 


247. 

Ephialtitidae:  Ephialtites  jurassicas  Meunier 

[56] 

248. 

Eoichneuaonidae:  Eoichaeaaoa  daacanae  Jell  4 
Duncan 

[53] 

249. 

Xyelidae:  Baissoxyeia  tarsalis  Rasnitsyn, 
Cephidae:  Hesocephas  sibiricus  Rasnitsyn, 
Siricidae:  Praesirex  hirtas  Rasnitsyn 

[52] 

250. 

Braconidae 

[37] 

251. 

Braconidae:  DiospiZus  aliani  Brues 

[35] 

252. 

Ichneuaonidae,  Braconidae 

[23] 

253. 

Cephidae:  EZectrocephus  straiendorffi  Konow, 

[193 

254. 

255. 


256. 

257. 

258. 

259. 


Ichneuaonidae:  Piapia  succini  Siebel, 

Braconidae:  Iaeorhyssalas  dabitos us  Bruss, 
Electrotoaidae:  Electrotoaa  succiai  Rasnitsyn, 
Siricidae:  tfrocerus  tlebsi  Brues 
Ichneuaonoidea 

Grussidae,  Siricidae,  Tenthredinidae,  Braconidae, 
Paaphiiidae,  Blasticotoaidae,  Xyelidae,  Cephidae, 
Ichneuaonidae,  Stephanidae 
Protoaeropeidae:  4Ztajopanorpa  brevis  Martynova 
Unnaaed  -Easily:  7ar*inia  australis  Jell  4  Duncan 
Tipulidae,  Bibionidae 
Philopotaaidae:  Prephiiopotaaas  asiaticas 
Sukacheva 


[171 

[15] 


[97] 

[53] 

[76] 

[82] 


Meunier  1903;  Lacasa-Ruiz  6 
Marti  nez-Deldds  1986 
Jell  4  Duncan  1986 

Rasnitsyn  1968,  1969 


Zherikin  4  Sukacheva  1973 
Brues  1937 
Wilson  1978a 

Siebel  1856,  Brues  1926,  1933;  Konont 
1897;  Rasnitsyn  1977 


Schlee  4  Slackner  1978 
Wilson  1978a 


Martynova  1961 

Riek  1970,  Jell  4  Duncan  1986 
Olsen  et  al.  1978 
Sukacheva  1973 
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Fossil 

(ADULT  ECTD6MATHATE,  continued) 

Eatr  j 

Iasect 

Ho. 

Taxok  Corresiondiao  to  E»try  Huabtr 

Locality 

Hefereices 

260. 

Archaeolepidae:  4rcftaeoJepis  last  Hhalley 

1691 

Whatley  1985,  1986 

261. 

EolepidopterygidaE:  Eolepidopteryx  jarassica 

1621 

Rasnitsyn  1983,  Whatley  1986 

262. 

Eolepidoptsrygidae 

160] 

Rasnitsyn  1988 

263. 

Micropterygidae:  Parasabatisca  aftiiacrai  Whatley 

155] 

Whatley  1978 

264. 

Micropterygidae:  Undopteryx  sukatshevae  Skalski 

152] 

Skalski  1979a 

265. 

Micropterygidae 

145] 

Schlflter  1978 

266. 

Micropterygidae:  Hicropteryx  proavitella  Rebel 

119] 

Rebel  1936,  Crowson  et  a  1.  1867 

267. 

Micropterygidae:  Hicropteryx  angelica  Jarzet- 

118] 

Jarzeabowski  1980 

268. 

Hicropterygidae:  Hicropteryx  sp. 

15] 

Barthel  4  Hetzer  1982 

HOHTKPART  CLASS  4:  LARVAL  ECT06HATHATE 

Fig.  4 

l. 

Pereosialidae:  Peraosialis  sibirica  Martynova 

C971 

Martynova  1961;  Crowson  et  al.  1967 

2. 

Tschekardocoleidae 

[923 

Kukalov41969 

3. 

Asiocoleidae,  Cupedidae,  Taldycupedidae, 
Kaltanocoleidae,  Peraosynidae 

[973 

Rohdendorf  1961 

4. 

Tschekardocoleidae 

[893 

Rohdendor-f  4  Ponoaarenko  1962;  Crowson 
et  al.  1967 

5. 

Cupedidae 

[821 

Ponoaarenko  1969a;  1977 

6. 

Qaaatidae,  Cupedidae,  Peraosynidae 

[783 

Zeuner  1961;  Riek’ 1974 

7. 

Ossatidae 

[733 

Ponoaarenko  1969a 

8. 

Qaaatidae 

[713 

Ponoaarenko  1969a 

9. 

Cupedidae 

[693 

Zeuner  1962 

10. 

Taldycupidae 

[641 

Hong  1983 

11. 

Cupedidae 

[613 

Ponoaarenko  1971 

12. 

Cupedidae,  Adeaosynidae 

[603 

Rohdendorf  1968a 

13. 

Cupedidae 

[573 

Jarzeabowski  1984 

14. 

Cupedidae 

[543 

Sanz  et  ai.  1988 

15. 

Adeaosynidae,  Cupedidae 

[523 

Rasnitsyn  1988 

16. 

Labrodorocoleidae 

[473 

Ponoaarenko  1969b 

17. 

Cupedidae 

C393 

Rasnitsyn  1988 

18. 

Cupedidae 

[223 

Haupt  1950 

19. 

Microaalthidae,  Cupedidae 

[193 

Larsson  1978;  Keilbach  1982 

20. 

Triaplidae 

[823 

Ponoaarenko  1977b 

21. 

Coptodavidae 

[713 

Ponoaarenkc  1969a 

22. 

Carabidae 

[693 

Whatley  1985 

23. 

?Noteridae 

[673 

Ponoaarenko  1963 

24. 

Coptodavidae 

[663 

Ponoaarenko  1977b 

25. 

Caraboidea 

[643 

Hong  1983 

26. 

Parahydrobiidae 

[623 

Ponoaarenko  1977b 

27. 

Carabidae 

[613 

Kuhn  1961 

23. 

Schizophoridae,  Cyrinidae,  Coptodavidae, 
Trachypacheidae 

[603 

Rasnitsyn  1988 

29. 

Syrinidae,  Coptodavidae,  Trachypacheidae, 
Carabidae 

[523 

Rasnitsyn  1988 
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Entry 

Fossil 

Itsect 

(LARVAL  ECT06NATHATE,  continued) 

Ho.  Taxot  Corresn 

ndi io  to  Eatry  Hunter 

Locality 

Rtferncts 

30. 

Trachypacheidae 

[461 

Ponoaarenko  1977b 

31. 

Gyrinidae,  Dytiscidae,  Carabidae 

[393 

Rasnitsyn  1988 

32. 

?Carabidae 

[333 

George  1952 

33. 

?Noteridae 

[323 

Hilson  1978a;  Mitchell  It  Highton  1979 

34. 

Carabidae 

[263 

Britton  1960 

35. 

Dytiscidae,  Carabidae 

[24,233 

Hilson  1978a;  Lutz  1987 

36. 

Gyrinidae,  Dytiscidae,  Carabidae 

[193 

Keilbach  1982 

37. 

Carabidae 

£173 

Schlee  It  Glockner  1978 

38. 

Carabidae,  Dytiscidae 

[153 

Hilson  1978a 

39. 

Paussidae,  Carabidae 

[63 

Schuaann  k  Hendt  1989 

40. 

Carabidae 

[13 

Hopkins  et  ai,  1971 

41. 

Catiniidae 

£823 

Ponoaarenko  1969a 

42. 

Catiniidae 

£523 

Rasnitsyn  1988 

43. 

Hydraenidae 

[663 

Ponoaarenko  1977b 

44. 

?Hydrophilidae 

[613 

Crovtson  et  ai.  1967 

45. 

Hydraenidae,  Hydrophilidae 

[603 

Rasnitsyn  1988 

46. 

Hydraphilidlae,  Hydraenidae 

[533 

Jell  It  Duncan  1986 

47. 

Hydrophilidae 

[523 

Rasnitsyn  1988 

48. 

Hydrophilidae 

[393 

Rasnitsyn  1988 

49. 

Hydrophilidae 

£323 

Hilson  1978a;  Mitchell  It  Highton  1979 

50. 

Hydrophilidae 

£233 

Hilson  1978a 

51. 

Hydrophilidae 

[153 

Hilson  1978a 

52. 

Hydraenidae,  Hydrophilidae 

[63 

Schuaann  It  Hendt  1989 

53. 

Georyssidae,  Hydrophilidae 

£13 

Hopkins  et  ai.  1971 

54. 

?Silphidae 

[783 

Zeuner  1931;  Riek  1974 

55. 

Silphidae 

[663 

Ponoaarenko  1977b 

56. 

Staphylinidae 

[603 

Rasnitsyn  1988 

57. 

Pselaphidae,  Staphylinidae 

£533 

Jell  It  Duncan  1986 

58. 

Scydaaenidae,  Siphidae,  Staphylinidae 

£523 

Rasnitsyn  1988 

59. 

Staphylinidae 

£452 

SchlDter  1978 

60. 

Staphylinidae 

[373 

Zherikin  It  Sukacheva  1973 

61. 

Scydaaenidae,  Staphylinidae 

£353 

McAlpine  It  Martin  1969 

62. 

Staphylinidae 

£24.233 

Hilson  1978a,  Lutz  1987 

63. 

Silphidae,  Staphylinidae 

£223 

Hilson  1978a 

64. 

Ptiliidae,  Silphidae,  Scydaaenidae,  Pselaphidae, 
Staphylinidae 

[193 

Larsson  1978;  Keilbach  1982 

65. 

Staphylinidae 

[173 

Schlee  It  Sloeckner  1978 

66. 

Silphidae,  Staphylinidae 

£153 

Hilson  1978a 

67. 

Leiodidae,  Pselaphidae,  Ptiliidae,  Scysaenidae, 
Staphylinidae 

£63 

Schuaann  It  Hendt  1989 

68. 

Staphylinidae 

£43 

Palaer  1957 

69. 

Ptiliidae,  Scydaaenidae,  Staphylinidae 

£13 

Hopkins  et  ai,  1971 

70. 

Adeaosynidae 

[Trias! 

Ponoaarenko  1977b;  Croason  1981 

71. 

Eucinetidae,  Adeaosynidae 

£603 

Croason  et  ai.  1967;  Rasnitsyn  1988 

72. 

Helodidae 

£533 

Jell  k  Duncan  1986 

73. 

Scirtidae,  Eucinetidae 

[523 

Rasnitsyn  1988 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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74.  Helodidae 

75.  ?HeIodidae 

76.  Helodidae 

77.  Helodidae 

78.  Claabidae,  Eucinetidae,  Helodidae 

79.  Dascillidae 

80.  Dascillidae 

81.  Dascillidae 

82.  Dascillidae 
S3.  Scarabaeidae 

84.  Scarabaeidae 

85.  Scarabaeidae 
36.  Scarabaeidae 

87.  Fassalidae,  Scarabaeidae 
BS.  Scarabaeidae 

89.  Scarabaeidae 

90.  Lucanidae,  Scarabaeidae 

91.  Scarabaeidae 

92.  Lucanidae,  Scarabaeidae 

93.  Lucanidae,  Scarabaeidae 

94.  Byrrhoidea 

95.  Byrrhidae 

96.  Byrrhidae 

97.  Byrrhidae 

98.  Byrrhidae 

99.  Byrrhidae 

100.  Dryopoidea 

101.  ?Dryopidae 

102.  Dryopidae 

103.  Chelonariidae,  Psephenidae,  Dryopidae 

104.  ?Buprestidae 

105.  Buprestidae 

106.  Buprestidae 

107.  Buprestidae 
103.  Buprestidae 

109.  Buprestidae 

110.  Buprestidae 

111.  Buprestidae 

112.  Buprestidae 

113.  Buprestidae 

114.  ?Elateridae 

115.  Elateridae 

116.  Elateridae 

117.  Cerophytidae,  Throscidae,  Elateridae 

118.  Elateridae 

119.  Throscidae,  Cerphytidae 

120.  Elateridae 
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Fossil 

(LARVAL  ECT06NATHATE,  continued) 

Insect 

Locality 

References 

[371 

Zherikin  6  Sukacheva  1973 

[321 

Hilson  1978a;  Mitchell  6  Highton  1979 

[191 

Kei 1 bach  1982 

[151 

Hilson  1978a 

[61 

Schunann  6  Hendt  1989 

[601 

Panooarenko  1977b 

[241 

Lutz  1987 

[191 

Keilbach  1982 

[151 

Hilson  1973a 

[721 

Cronson  1981 

[611 

Pononarenko  1977b 

[601 

Rasnitsyn  1989 

[521 

Rasnitsyn  1988 

[391 

Rasnitsyn  1988 

[323 

Hilson  1978a 

[263 

Britton  1960 

[24,233 

Hilson  1978a;  Lutz  1987 

[223 

Haupt  1950 

[193 

Keilbach  1982 

[153 

Hilson  1978a 

[693 

Hhalley  1985 

[603 

Rasnitsyn  1988 

[523 

Rasnitsyn  1988 

[153 

Hilshon  1978a 

[63 

Schunann  %  Hendt  1989 

[13 

Hopkins  et  ai,  1971 

[693 

Hhalley  1985 

[613 

Pononarenko  1971 

[193 

Kei loach  1982 

[153 

Hilson  1978a 

[763 

Olsen  et  ai.  1978 

[613 

Pononarenko  1971 

[603 

Rasnitsyn  1988 

[563 

Hhalley  &  Jarzenbonski  1985 

[523 

Rasnitsyn  1988 

[393 

Rasnitsyn  1988 

[323 

Hilson  1978a;  Mitchell  And  Highton  1979 

[243 

Lutz  1987 

[193 

Larsson  1978;  Kei 1 bach  1982 

[153 

Hilson  1987a 

[723 

Heer  1B65 

[693 

Hhalley  1985 

[603 

Rasnitsyn  1988 

[523 

Rasnitsyn  1988 

[393 

Rasnitsyn  1988 

[373 

Zherikin  6  Sukacheva  1973 

[323 

Hilson  1978a;  Hitchell  4  Highton  1979 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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E»try 

Jjo* 

Tixo»  Corresmdito  to  Ettry  Holier 

Fossil 

Iisect 

Locality 

(LARVAL  ECT06NATHATE,  continued) 

kef  tracts 

121. 

Throscidae 

[261 

Britton  1960 

122. 

Elateridae 

[24,231 

Nil son  1978a;  Lutz  1987 

123. 

Elateridae 

C221 

Haupt  1950 

124. 

Arteaatopidae,  Eucneaidae,  Elateridae,  Throscidae 

[191 

Larsson  1978;  Kei 1 bach  1982 

125. 

Elateridae 

[171 

Schlee  &  Slockner  1978 

126. 

Eucneaidae,  Throscidae,  Elateridae 

[151 

Wilson  1978a 

127. 

Eucneaidae,  Elateridae,  Throscidae 

[61 

Schuaann  it  Wendt  1989 

128. 

Cantharidae 

[531 

Jell  4  Duncan  1986 

129. 

Anobiidae 

[521 

Rasnitsyn  1988 

130. 

Anobiidae 

[261 

Britton  1960 

131. 

Anobiidae 

[231 

Wilson  1978a 

132. 

Anobiidae 

[191 

Larsson  1978;  Keilbach  1982 

133. 

Bostrychidae,  Anobiidae 

[151 

Wilson  1978a 

134. 

Anobiidae 

[61 

Schuaann  it  Wendt  1989 

135. 

Anobiidae 

[11 

Hopkins  et  al.  1971 

136. 

Nosodendridae 

[231 

Wilson  1978a 

137. 

Dersestidae 

[191 

Larsson  1978,  Keilbach  1982 

138. 

Deraestidae 

[151 

Wilson  1978a 

139. 

Dersestidae 

[61 

Schuaann  it  Wendt  1989 

140. 

Lophocateridae,  Peltidae,  Trogossitidae 

[601 

Rasnitsyn  1988 

141. 

Trogossitidae 

[521 

Rasnitsyn  1988 

142. 

Peltidae,  Helyridae 

[391 

Rasnitsyn  1988 

143. 

Acanthocneaidae 

[371 

Zherikin  it  Sukacheva  1973 

144. 

Cleridae 

[191 

Larsson  1978;  Keilbach  1982 

145. 

Helyridae,  Trogossitidae 

[151 

Wilson  1978a 

146. 

Qstoaidae,  Cleridae,  Heiyridae 

[61 

Schuaann  it  Wendt  1989 

147. 

Lysexylidae 

[153 

Wilson  1978a 

148. 

Lysexylidae 

[61 

Schuaann  &  Wendt  1989 

149. 

?Nitidulidae 

[763 

Olsen  et  ai.  1978 

150. 

Nitidulidae 

[641 

Hong  1983 

151. 

Protocucujidae,  Cucujidae 

[601 

Rasnitsyn  1988 

152. 

Coccinellidae 

[521 

Rasnitsyn  1988 

153. 

Cucujidae 

[391 

Rasnitsyn  1988 

154. 

Passandridae,  Lathridiidae 

[373 

Zherikin  4  Sukacheva  1973 

155. 

Cryptophagidae,  Erotylidae,  Cucujidae,  Nitidulidae 

[231 

Wilson  1978a 

156. 

Lathridiidae,  Rhizophagidae,  Nitidulidae, 

[191 

Larsson  1978;  Keilbach  1982 

157. 

Endoaychidae 

[171 

Schlee  it  Slockner  1978 

158. 

Erotylidae,  Coccinellidae,  Lathridiidae,  Crypto¬ 

[153 

Wilson  1978a 

159. 

phagidae,  Cucujidae,  Nitidulidae 

Sphindidae,  Coccinellidae,  Cucujidae,  Lathriidae, 

[61 

Schuaann  it  Wendt  1989 

160. 

Endoaychidae,  Nitidulidae,  Phalacridae 

Nitidulidae 

[41 

Palaer  1957 

161. 

Lathriidae 

111 

Hopkins  et  al.  1971 

162. 

Kordellidae,  Scraptiidae,  Tenebrionidae 

[601 

Rasnitsyn  1988 

163. 

Hordellidae 

[531 

Jell  and  Duncan  1986 

164. 

Scraptiidae,  Colydiidae 

[521 

Rasnitsyn  1988 

165. 

Colydiidae 

[371 

Zherikin  it  Sukacheba  1973 

t 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


1140 


Fossil 

(LARVAL  ECTOGRATHATE,  continued) 

Eitry 

Iasect 

!Ss 

Tun  Corrtsmdito  to  E»tnr  iaaier 

IS¬ 

IS 

! 

Refereices 

166. 

Tenebrionidae 

1321 

Nil son  1978a 

167. 

Rhipiphoridae,  Kordellidae,  Kelandridae 

1231 

Nilson  1978a,  Grande  1980 

168. 

Gedeaeridae,  Tenebrionidae 

C221 

Haupt  1950 

169. 

Pyrochroidae,  Scraptiidae,  Colydiidae,  Aderidae, 
Kycetophagidae,  Anthicidae,  Heloidae,  Lagriidae, 
Rhipiphoridae,  Kordellidae,  Tenebrionidae 

C191 

Larsson  1978;  Keilbach  1982 

170. 

Pythidae,  Colydiidae,  Melandryidae,  Kordellidae, 
Kycetophagidae,  Tenebrionidae,  Rhipiphoridae, 
Dedoaeridae,  Heloidae,  Anthicidae 

1151 

Nilson  1978a 

171. 

Aderidae,  Kordellidae,  Scraptiidae,  Anthicidae, 
Kycetophagidae,  Cisidae,  Colydiidae,  Qedoaeridae 

[61 

Schuaann  4  Nendt  1989 

172. 

Colydiidae,  Lathridiidae 

[11 

Hopkins  et  ai.  1971 

173. 

Ceraabycidae 

[641 

Hong  1983 

174. 

Chrysoaelidae 

[601 

Rasnitsyn  1988 

175. 

Cerasbycidae,  Chrysoaelidae 

[522 

Rasnitsyn  1988 

176. 

Ceraabycoidea 

[353 

KcAlpine  4  Nartin  1969 

177. 

Chrysoaelidae 

[323 

Mitchell  4  Nighton  1979 

178. 

Bruchidae,  Cerasbycidae,  Chrysoaelidae 

[233 

Nilson  1978a 

179. 

Chrysoaelidae 

[223 

Haupt  1950 

180. 

Chrysoaelidae,  Cerasbycidae 

[193 

Larsson  1978;  Keilbach  1982 

181. 

Cerasbycidae,  Chrysoaelidae 

[173 

Schlee  4  Slockner  1978 

182. 

Bruchidae,  Chrysoaelidae,  Ceraabycidae 

C153 

Nilson  1978a 

183. 

Chrysoaelidae 

[133 

Theobald  1937 

184. 

Ceraabycidae,  Chrysoaelidae 

[63 

Schuaann  4  Nendt  1989 

185. 

Chrysoaelidae 

[13 

Hopkins  et  al,  1971 

186. 

Curculionidae 

[693 

Nhalley  1985 

187. 

Eobelidae 

1603 

Arnoldi  1977 

188. 

Eobelidae,  Curculionoidea  iscertae  sedis 

[563 

Nhalley  4  Jarzeabcaski  1985 

189. 

Scolytid  tunnels 

[573 

Jarzeabowski  1984 

190. 

Attelabidae,  Curculionidae 

[523 

Zherikin  1977 

191. 

Curculionidae 

[502 

Northrop  1928 

192. 

Curculionidae 

C433 

McKay  4  Rayner  1986 

193. 

Curculionidae 

[363 

Griaaldi  et  a 1.  1989 

194. 

Curculionidae 

[323 

Mitchell  4  Nighton  1979 

195. 

Curculionidae 

[263 

Britton  1960 

196. 

Anthribidae,  Attelabidae,  Curculionidae; 
Curculionoidea 

[24,233 

Nilson  1978a;  Lutz  1987 

197. 

Curculionidae 

[223 

Haupt  1950 

198. 

Apionidae,  Anthribidae,  Curculionidae 

[193 

Keilbach  1982 

199. 

Platypodidae,  Curculionidae 

[173 

Schlee  4  Slockner  1978 

200. 

Anthribidae,  Attelabidae,  Curculionidae 

[153 

Nilson  1978a 

201. 

Curculionoidea 

[133 

Croason  1981 

202. 

Platypodidae,  Curculionidae 

[113 

Keilbach  1982 

203. 

Apionidae,  Curculionidae 

[7,63 

Zeuner  1931,  Schuaann  4  Nendt  1989 

204. 

Curculionidae 

[13 

Hopkins  et  al.  1971 

205. 

Hegaloptera  (Peraosialidae):  Peraosialis 
bifasciata  Hartynov 

1973 

Hennig  1981 

206. 

Protoaeropeidae:  Tctiochorista  tubila  Martynova 

[973 

Martynova  1958 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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E»try 

Ho. 

Tam  Correstoadito  to  Eatry  Huber 

Fossii 

Insect 

Locality 

(LARVAL  ECT06NATHATE,  continued! 

Refer etces 

207. 

Protoeeropeidae:  Platychorista  votes a  Tillyard 

C901 

Tillyard  1926b 

208. 

Protaueropeidae:  Hariierobius  splendeas  Zalessky 

1891 

Zalessky  1946 

209. 

tleropeidae:  Thauaatoaerope  sogdi ana  Rasnitsyn 

1821 

Ponoaarenko  &  Rasnitsyn  1974 

210. 

Heropeidae:  Eoaerope  asiatica  Ponoaarenko 

1311 

Ponoaarenko  Si  Rasnitsyn  1974 

211. 

tleropeidae:  foierope  tortriciforais  Cockerell 

[151 

Cockerell  1909d,  Ponoaarenko  i 

212. 

Robinjohniidae:  Robiajohni a  tillyardi  Hartynova, 

[831 

Rasnitsyn  1974 

Tillyard  1926d;  Riek  1970b;  Hennig 

213. 

Nannochoristidae:  Peraochorista  australica 

Tillyard 

Nannochoristidae:  Afristell a  delicatula  Riek 

[781 

1981 

Riek  1974 

214. 

Choristidae:  Hesochorista  proavita  Tillyard 

[741 

Tillyard  1923c 

215. 

Nannochoristidae:  Mesopanorpa  uahrata  Martynov, 

[711 

Martynov  1937a 

216. 

Orthophlebiidae:  Ortbophlebi a  aagustata  Martynov, 
Neorthophlebiidae:  Heorihophlebia  robust a  Martynov 
Orthophlebiidae:  Ortbopblebia  cappilata  Nhalley 

[693 

Nhailey  1985 

217. 

Neorthophlebiidae:  Protobittacus  arculatus  Bode, 

[6B1 

Bode  1953 

21B. 

Orthophlebiidae:  Protorthophlebi a  cuneaia  Bode 
Nannochoristidae:  Hesopaoorpa  Juanpingeajis  Hong, 

[641 

Hong  1983 

219. 

Orthophlebiidae:  Protorthopblebia  yaogoueasis  Hong 
Bittacidae:  Probittacus  avitus  Martynov, 

[601 

Rohdendorf  1968;  Rasnitsyn  1988 

220. 

Orthophlebiidae:  Ortbopblebia  gran dis  Martynov, 
Panorpidae 

Nannochoristidae:  flesopanorpa  sp.,  Orthophle¬ 

C573 

Jarzeabosski  1984 

221. 

biidae:  Prorthophlebia  sp. 

Orthophlebiidae:  Orthophl ebi i nae 

[541 

Sanz  et  a  I.  1988 

222. 

Choristidae:  Cretacochorista  parva  Jell  &  Duncan, 

[533 

Jell  &  Duncan  1986 

223. 

Nannochoristidae:  Prochoristella  ieongnatha  Jell 

4  Duncan,  Orthophlebiidae:  Prorthophlebia  sp. 
Bittacidae,  Panorpidae 

[521 

Rasnitsyn  1988 

224. 

Bittacidae 

[233 

Brande  1980 

225. 

Panorpadidae:  Paaorpodes  brevicauda  Hagen, 

[191 

Hagen  1956,  Carpenter  1954,  Larsson 

226. 

Pancrpidae:  Paitorpa  obsolet a  Carpenter, 

Bittacidae:  Bittacus  fossilis  Carpenter 

Bittacidae:  Bittacus  veterans  Cockerell 

[181 

1978,  Keilbach  1982 

Jarzeaboxsfci  1980 

227. 

Bittacidae,  Panorpidae 

[151 

Nil son  1973a 

223. 

Boreidae 

[Malal 

Rasnitsyn  1988 

229. 

Unnaaed  faaily:  Tarxinia  australis  Jell  4  Duncan 

[533 

Jell  4  Duncan  1986 

230. 

"Pulicid  indet.* 

[533 

Jell  4  Duncan  1986 

231. 

Leporid  host  biogeography 

CE.  Tertl 

Traub  4  Rothschild  1983 

232. 

Marsupial  host  biogeography  and  fossil  record 

[L.  Cretl  Traub  b  Rothschild  1983 

233. 

Hystricopsyllidae:  Palaeopsylla  klebsiaaa  Daapf 

[191 

Daspf  1910;  Keilbach  1982 

234. 

Cricetid  host  biogeography 

[E.  Tertl  Traub  l  Rothschild  1983 

235. 

Chiropteran  host  fossil  record 

[E.  Tertl  Brande  19B0;  Traub  k  Rothschild  19B3 

236. 

Tipuiidae,  Bibicnidae 

[761 

Olsen  et  al.  1978 

237. 

Philopotaaidae:  Prephilopotaaus  asiaticus  Suka- 

[823 

Sukacheva  1973 

238. 

Eolepidopterygidae 

[621 

Rasnitsyn  1988 

239. 

Eolepidopterygidae:  Eolepidopteryx  jurassica 

1601 

Rasnitsyn  1983a;  Nhalley  1986 

240. 

Eolepidopterygidae:  Daiopteryx  rasaitsyai  Skalski 

[521 

Skalski  1984b;  Nhalley  1986 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 
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Fossil 

(LARVAL  ECTQ6KATHATE,  continued) 

E»  try 

/•sect 

jfo. 

Taxoi  Correstoxdiiq  to  Eitry  Kuiber 

Locality 

iefereaces 

207. 

Protoieropeidae:  Platychorista  xeaosa  Till  yard 

[901 

Tillyard  1926b 

208. 

Protaaeropeidae:  Kariierobius  splendens  Zalessky 

[89] 

Zalessky  1946 

209. 

Heropeidae:  Thauiatoierope  sogdiana  Rasnitsyn 

[82] 

Ponoaarenko  It  Rasnitsyn  1974 

210. 

Heropeidae:  Eoaerope  asiatica  Ponoaarenko 

[31] 

Ponoaarenko  &  Rasnitsyn  1974 

211. 

Heropeidae:  Eoaerope  tortriciforais  Cockerell 

[15] 

Cockerell  1909d,  Ponoaarenko  t 
Rasnitsyn  1974 

212. 

Robinjohniidae:  Xobiajohni a  tillyardi  Martynova, 

[83] 

Tillyard  1926d;  Riek  1970b;  Hennig 

Nannochoristidae:  Peraochorista  australica 

Tillyard 

1981 

213. 

Nannochoristidae:  Afristella  delicatula  Riek 

[78] 

Riek  1974 

214. 

Choristidae:  Hesochorista  proavita  Tillyard 

[743 

Tillyard  1923c 

215. 

Nannochoristidae:  Hesopaaorpa  uabrata  Martynov, 
Orthophlebiidae:  Orthophlebia  angustata  Martynov, 
Neorthophlebiidae:  Beorthophlebia  robusta  Martynov 

[713 

Martynov  1937a 

216. 

Orthophlebiidae:  Orthophlebia  cappiiata  Whalley 

[693 

Whatley  1985 

217. 

Neorthophlebiidae:  Protobittacus  arcuiatus  Bode, 
Orthophlebiidae:  Protorthophiebi a  cuneata  Bode 

£683 

Bode  1953 

218. 

Nannochoristidae:  Mesopanorpa  Iuanpingensis  Hong, 
Orthophlebiidae:  Protort/iophleiia  yaogouensis  Hong 

[64] 

Hong  1983 

219. 

Bittacidae:  Probittacus  aritus  Martynov, 
Orthophlebiidae:  Orthophlebia  grandis  Martynov, 
Panorpidae 

[603 

Rohdendorf  1968;  Rasnitsyn  1988 

220. 

Nannochoristidae:  Aesopaaorpa  sp.,  Orthophle¬ 
biidae:  Prorthophlebia  sp. 

[573 

JarzeaboHski  1984 

221. 

Orthophlebiidae:  Orthophlebiinae 

[543 

Sanz  et  al.  198B 

222. 

Choristidae:  Cretacochorisia  parva  Jell  6  Duncan, 
Nannochoristidae:  Prochoristella  ieoagnatha  Jell 
%  Duncan,  Orthophlebiidae:  Prorthophlebia  sp. 

[533 

Jell  It  Duncan  1986 

223. 

Bittacidae,  Panorpidae 

[523 

Rasnitsyn  1988 

224. 

Bittacidae 

[233 

Grande  1980 

225. 

Panorpadidae:  Paaorpodes  brevicauda  Hagen, 

[193 

Hagen  1956,  Carpenter  1954,  Larsson 

Panorpidae:  Paaorpa  obsolete  Carpenter, 

Bittacidae:  Bittacus  lossilis  Carpenter 

1978,  Keilbach  1982 

226. 

Bittacidae:  Bittacus  veterans  Cockerell 

[1B3 

Jarzeabowski  1980 

227. 

Bittacidae,  Panorpidae 

[15] 

Wilson  1978a 

228. 

Boreidae 

[Mala] 

Rasnitsyn  1988 

229. 

Unnaaed  faaily:  Tarvinia  australis  Jell  6  Duncan 

[53] 

Jell  It  Duncan  1986 

230. 

"Pulicid  indet." 

[53] 

Jell  It  Duncan  1986 

231. 

Leporid  host  biogeography 

[E.  Tert] 

Traub  &  Rothschild  1983 

232. 

Marsupial  host  biogeography  and  fossil  record 

[L.  Cret]  Traub  It  Rothschild  1983 

233. 

Hystricopsyllidae:  Paiaeopsylla  klebsiaaa  Daapf 

[193 

Daapf  1910;  Keilbach  1982 

234. 

Cricetid  host  biogeography 

[E.  Tert]  Traub  6  Rothschild  1983 

235. 

Chiropteran  host  fossil  record 

[E.  Tert]  Brande  1980;  Traub  4  Rothschild  19B3 

236. 

Tipulidae,  Bibicnidae 

[763 

Olsen  et  al.  1978 

237. 

Philopotaaidae:  Prephilopotaaus  asiaticus  Suka- 

[823 

Sukacheva  1973 

238. 

Eolepidopterygidae 

[623  - 

Rasnitsyn  1988 

239. 

Eolepidopterygidae:  Eoiepidopteryx  jurassica 

[603 

Rasnitsyn  1983a;  Whalley  1986 

240. 

Eolepidopterygidae:  daiopteryx  rasnitsysi  Skalski 

[523 

Skalski  1984b;  Whalley  1986 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


1  143 


fatry 

Bo. 

Tam  Correstondino  to  Entry  Bunber 

Fossil 

Insect 

Locality 

(LARVAL  ECT06NATHATE,  continued) 

ftefereices 

241. 

Archaeolepidae:  Archaeolepis  ease  Hhalley 

[691 

Hhalley  1985;  1986 

242. 

Nicropterygidae:  Parasabatinca  aitinacrai  Hhalley 

[551 

Hhalley  1978;  1986 

243. 

Nicropterygidae:  Palaeosabatitca  zbericbini  Kozlov 

[521 

Kozlov  1988b 

244. 

Unnaaed  aicropterygid 

C451 

Schlbter  1975,  1978 

245. 

Nicropterygidae:  Sabatinca  proa/iteiia  Rebel 

C191 

Rebel  1935;  Larsson  1978 

246. 

Nicropterygidae:  Bicropteryx  angelica  laneibotiski 

[181 

JarzeeboHski  1980 

247. 

?Eriocraniidae:  lladopteryx  suiatshevi  Skalski 

[521 

Skalski  1979a;  Hhalley  1986 

248. 

'Lophocoronid-iike  speciaen* 

[373 

Skalski  1979b 

249. 

“Incurvariine  type* 

[553 

Hhalley  1977,  Hermig  1981 

KOIITHPART  CLASS  5:  BAXILLOLABIATE 

Fig.  43 

1. 

Negaspilidae:  AZZocotidus  brass!  Nuesebeck 

[403 

Huesebeck  1963 

2. 

Naiaetshidae:  Hainetsk a  arctica  Rasnitsyn 

[373 

Rasnitsyn  1975 

3. 

Stigaaphronidae:  Lygocerus (?)  dubiatus  Brues 

[353 

Nasner  6  Dessart  1967 

4. 

Calliceratidae:  Conostignus  succinaiis  Brues 

[193 

Brues  1940b 

5. 

Heloridae:  Prctohelorus  nesozoicus  Kozlov, 

[601 

Nartynov  1925,  Kozlov  1968 

Proctotrupidae:  Besoserphus  karataviois  Kozlov, 
Honoaachidae,  Diapriidae 

6. 

“Proctotrupid  indet." 

[533 

Jell  6  Duncan  1986 

7. 

Pelecinidae:  Iscopisus  baissicas  Kozlov 

[523 

Kozlov  1974 

8. 

Scelionidae:  Cenoaasiosceiio  puldier  SchlOter, 
Diapriidae:  Isaarinae 

[453 

Schlfiter  1978 

9. 

Scelionidae,  ?Vanhorniidae,  Diapriidae, 

Serphitidae 

[373 

Zherikin  k  Sukacheva  1973 

10. 

Serphitidae:  Serphites  paradoxus  Brues, 
Scelionidae:  ProterosceJio  aatennalis  Brues, 
?Vanhorniidae 

[353 

Brues  1937,  NcAlpine  k  Hartin  1969 

11. 

Proctotrupidae:  Cryptoserphus  pinorus  Brues, 
SceliGnidae:  Felecinopteros  tubuliforne  Brues, 
Diapriidae:  Aibositra  sp. 

[193 

Brues  1933,  1940a;  Nasner  1969 

12. 

Diapriidae:  Saiesiaorpba  n heeler i  Brues, 

Belytidae:  Beiyta  aortuella  Brues 

[153 

Brues  1910 

13. 

Scelionidae:  Palaegyron  auesbecti  Nasner 

[111 

Nasner  1969 

14. 

Scelionidae:  PZatygasterites  fenoralis  Statz, 
Heloridae:  Belarus  festivus  Statz  1938 

[83 

Statz  1938 

15. 

Nyaaridae:  SaJioroiia  bezonaisensis  Schl filer 

[453 

Schldter  1978 

16. 

Eulophidae 

[403 

Lagenheia  et  ai,  1960 

17. 

Nyaaridae,  Chalcidoidea 

[373 

Zherikin  k  Sukacheva  1973;  Rasnitsyn 

1975 

18. 

Trichograaaatidae:  Enaeagias  pristinas  Yoshiaoto, 
Tetracaapidae:  Bistylopus  bisegneatatus  Yoshiaoto, 
Nyaaridae:  Triaa’oierus  bulbosus  Yoshiaoto 

[353 

Yoshiaoto  1975 

19. 

“Possibly  an  encyrtid  chalcidoid” 

[333 

Seorge  1952 

20. 

Nyaaridae 

[253 

Saunders  et  ai.  1974 

21. 

Chalcidoidea:  Arescos  araata  (Neunier) 

[193 

Neunier  1905a 
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Fossil 

(HAXILLOLABIATE,  continued! 

Eatry 

Insect 

fo. 

Taxoa  Corresaoadiao  to  Eatry  Huaber 

Locality 

References 

58. 

Foraicidae:  Peltopoae  petiolata  Dlussky 

[393 

Dlussky  1975 

59. 

Foraicidae:  Cretyiyraa  araoldi  Dlussky 

£373 

Dlussky  1975 

80. 

Foraicidae:  Sphecoayraa  ireyi  Wilson,  Carpenter  St 

[361 

Wilson,  Carpenter  Sc  Brown  1967b; 

Brown 

Sriaaldi  et  al.  1989 

61. 

Foraicidae:  ?Sp(iecoiyria  sp. 

[35] 

Burnhaa  1978 

62. 

Foraicidae 

[25] 

Saunders  et  al.  1974 

63. 

Foraicidae:  Dolichoderinae 

[24] 

Lutz  1987 

64. 

Foraicidae:  Polaaskiella  saekali  De  6arcia 

[20] 

De  6arcia  1983 

65. 

Foraicidae:  Prioaoiyrayx,  sp. 

[19] 

Burnhaa  1978;  Larsson  1978 

66. 

Foraicidae:  Oecophylfa  sp. 

[18] 

Jarzeabawski  1976 

67. 

Foraicidae:  4rchi»yr»yx  rostratus  Cockerell 

[15] 

Carpenter  1930 

68. 

Foraicidae:  Dolichoderinae,  aft.  Tapinoaa 

[6] 

Barthel  Sc  Hetzer  1982 

69. 

Foraicidae:  Caaponotus  sp. 

[1] 

Hopkins  et  al.  1971 

70. 

Sphecidae:  Archisphex  c rottsoni  Evans 

[57] 

Evans  1969 

71. 

Sphecidae:  Feephredonine  indet. 

[53] 

Jell  Sc  Duncan  1986 

72. 

Sphecidae:  Cretosphex  incertus  rasnitsyn 

[52] 

Rasnitsyn  1975 

73. 

Sphecidae:  Gaiiosphex  cretaceus  Schlftter 

[45] 

Schl&ter  1978 

74. 

Sphecidae:  Taiayrisphex  pristinus  Evans 

[373 

Evans  1973 

75. 

Sphecidae:  iisponeia  singular  is  Evans 

[353 

Evans  1969 

76. 

Sphecidae:  Crabosucciaalis  sp. 

[193 

Cockerell  1909e;  Keilbach  1982 

77. 

Sphecidae 

[83 

Bohart  k  Mencke  1976 

78. 

Sphecidae:  Passaloecus  aaaax  Sorg 

[63 

Sorg  1986 

79. 

Apidae:  Trigona  pris ca  Michener  &  Sriaaldi 

[363 

Michener  Sc  Sriaaldi  1989a, b 

M7HPART  CLASS  6:  UPTOXIAL 

EcmmmE 

Fig.  46 

1. 

Protorthoptera  (Paoliidae!:  dipeliptera 
liihurgica  Pruvost 

[1003 

Pruvost  1927;  Brauckaann  1988 

2. 

Bojophlebiidae:  Bojophlebia  prokopi  Kukalovi-Peck 

[983 

Kufcalovd-Peck  1985 

3. 

Kennedyidae:  Sushi  in  a  parvula  Martynov; 
Peraolestidae:  Ej»i iestes  kargalensis  Martynov 

[87,863 

Martynov  1930,  1932,  1937a;  Crowson 

4. 

Kennedyidae:  Kesoedya  gracilis  Pritykina 

[823 

Pritykina  1981 

5. 

Liassogoaphidae:  Liassogoapohkus  propinquss  Bode 

[693 

Bode  1905;  Crowson  et  al.  1967 

6. 

Peraagrionidae:  Peraagrion  falklaadicua  Tillyard 

[853 

Tillyard  1928c;  Crowson  et  al.  1967 

7. 

Triassagrionidae:  Triassagrion  aasiraiiease  Till- 
yard 

[793 

Tillyard  1922;  Crowson  et  a  1.  1967 

8. 

Protoayraeleontidae 

[683 

Bode  1953 

9. 

Protoayraeieontidae:  Protoayraeleon  handlirschii 
Martynov 

[603 

Martynov  1927b;  Crowson  et  al.  1967 

10. 

Erasipteridae:  Erasipteroides  vaientini  Brauckaann 

[993 

Brauckaann  et  ai.  1985;  Brauckaann  Sc 

Meganeuridae:  Haauroiypus  sippeli  Brauckaan  6 
lessin 

Zessin  1989 

11. 

Erasipteridae:  Erasipteron  larischi  Pruvost 

[983 

Pruvost  1933;  Crowson  et  al.  1967 

n. 

Jfeganeuridae;  Meganeara  >onyi  IBrongniart) 

[953 

Brongniart  1884;  Braucknann  Sc  Zessin 
1989 

13. 

Meganeuridae:  Epheaerites  rueckerti  Seinitz 

[943 

Seinitz  1865;  Brauckaann  4  Zessin  1989 
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Fossil 

( RAPTOR I AL-ECT 06N ATHATE ,  continued) 

fitry 

Insect 

|o. 

Taxon  Cornsnondina  to  Entry  Holier 

Locality 

Rtftrences 

14. 

Neganeuridae:  Stephanotypus  sp. 

[921 

Brauckaann  6  Zessin  1989 

15. 

Neganeuridae:  Ifeganeuropsfs  periiana  Carpenter 

[901 

Carpenter  1977;  Brauckaann  6  Zessin 

1989 

16. 

Neganeuridae:  Arctotypus  sylvaensis  Martynov 

C893 

Nartynov  1940;  Brauckaann  &  Zessin 

1989 

17. 

Neganeuridae:  Arctotypus  siauatus  Hartynov 

[861 

Hartynov  1931;  Brauckaann  6  Zessin  1989 

18. 

Triadophlebiidae:  Triadophlebia  distincta 
Pritykina 

[821 

Pritykina  1981 

19. 

Paralogidae:  7riassoiogas  diseriatus  Riek 

[781 

Riek  1976 

20. 

Neganeuridae:  Liadotypus  relictus  Nartynov 

[711 

Nartynov  1937a 

21. 

Callisokaltaniidae:  Callinotaltania  aartynovi 

[973 

Zalessky  1955 

22. 

Bitaxyneuridae:  flitaxyaeura  anoiaiostigia  Tillyard  [893 

Tillyard  1925b;  Crowson  it  al.  1967 

23. 

Polvtaxineuridae:  Polytaxinma  stanleyi  Tillyard 

[831 

Tillyard  1935b;  Crowson  et  al,  1967 

24. 

Soaphitidae 

[681 

Bode  1953 

25. 

Petaluridae:  Besuropetaia  costaiis  Pritykina, 
Sasphidae:  Protoliadenia  deichnutlleri  Pritykina 

[601 

Pritykina  1968 

26. 

Aeschnidae:  Palaeschna  pallerol ae  Sonez 

[561 

Boaez  1979;  Lacasa-Ruiz  &  Hartinez- 
Delclo's  1986 

27. 

Aeschnidae 

[573 

JarzeaboHski  1984 

28. 

Aeschnidae 

[541 

Sanz  et  al.  1988 

29. 

Aeshnidae:  Baissaesfcna  prisca  Pritykina 

C521 

Pritykina  1977 

30. 

Soaphidae 

1323 

Nitchell  &  Wighton  1979 

31. 

Soiphidae:  Soiphas  nsinatus  Pictet 

[191 

Pictet-Baraban  &  Hagen  1856;  Larsson 

1978 

32. 

Soiphidae,  Aeshnidae 

[153 

Wilson  1978a 

30i 

Aeschnidae:  Projaqoria  conjuncta  Nartynov 

[93 

Zeuner  1938 

34. 

Aeschnidae:  Aesdinidarut  sp. 

[71 

Zeuner  1931 

35. 

Aeschnidiidae 

[541 

Sanz  et  al.  1988 

36. 

Aeschnidiidae:  Liptaescbnidiun  lata a  Pritykina 

[523 

Pritykina  1977 

37. 

Libellulidae 

[231 

Wilson  1978a 

38. 

Libellulidae 

[151 

Wilson  1978a 

39. 

Libellulidae:  TraieohasiZeus  icguaiiacus  Zeuner 

[93 

Zeuner  1938 

40. 

Libellulidae:  ?0rthenis  sp. 

[43 

Palaer  1957 

41. 

Triassolestidae:  Triassolostodcs  asiaticas 
Pritykina 

[821 

Pritykina  1981 

42. 

Triassolestidae:  Hesophlebia  antinodalis  Tillyard 

[793 

Tillyard  1916 

43. 

Triassolestidae:  Triassologus  biseriatas  Riek 

[783 

Riek  1976 

44. 

Triassolestidae:  Triassolestes  epiophlebioides 

[743 

Tillyard  1918 

45. 

Progosophlebiidae 

[681 

Bode  1953 

46. 

Fasily  undeterained:  Triassoaeura  priiitiva 
Pritykina 

[?823 

Pritykina  1981 

47. 

?Tarsophlebiidae:  Triassophlebia  stignatica 

[791 

Tillyard  1922 

48. 

Liassophlebiidae:  Xanthohypsa  tillyardi  Pritykina 

[731 

Pritykina  1970 

49. 

Liassophlebiidae:  Hyposothiais  fraseri  Whalley 

[693 

Wh alley  1985 

50. 

Tarsophlebiidae,  Liassophlebiidae,  Architheaidae 

[681 

Bode  1953 

51. 

Liassophlebiidae:  Liassophltbia  cheagdeeasis  Hong 

[641 

Hong  1983 
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Fossil  (RAPTORIAL  ECT06NATHATE,  continued) 
htry  hstct 

§£■  Taxoa  Corrtspoadiao  to  Eatry  jlgaber  Locality  References 


52.  Asiopteridae:  /Isiopteros  autism  Pritykina,  (603  Pritykina  1968 
Qreopteridae:  Oreopteroa  asiaticua  Pritykina, 

Karatawiidae:  ifelanobypsa  aagulata  Pritykina, 

Euthesistidas:  Estbesis  ssiltivasoss  Pritykina, 

Tarsophlebiidae:  Turaaop/iieiia  lartynovi  Pritykina, 


Heterophlebiidae:  Ericbscbaidtia  nigriaoataaa 
Pritykina 

53.  Oreopteridae 

54.  Tarsophlebiidae,  Eutheaistidae 

55.  Karataaiidae:  Nacholaada  crassicosta  Pritykina, 
Tarsophlebiidae:  Turaaopblebia  sibirica  Pritykina 

56.  Steleopteridae:  Auliella  crucigera  Pritykina 

57.  Calopterygidae 

58.  Calopterygidae 

59.  Lestidae 

60.  Coenagrionidae:  balaagrion  eichstattiense  Hagen 

61.  Coenagrionidae 

62.  Coenagrioniidae 

63.  Coenagrionid  indet. 

64.  Coenagrionidae:  Agrioa  antiquui  Pictet  &  Hagen, 
Platycneaidae:  Platycaaais  aatiqua  Pictet  &  Hagen 

65.  Platycneaidae,  Coenagrionidae 

66.  Stenophlebiidae:  Stenopbiebia  karatavica  Pritykina 


CHauter/  Daitriev  &  Zherikin  1988 
Bar real 

(573  JarzeaboMski  1984 

(523  Pritykina  1977 

(603  Pritykina  1968 

(233  Hilson  1978a 

(153  Wilson  1978a 

(Oligocl  Daitriev  &  Zherikin  1988 
(613  Hagen  1862 

(603  Rasnitsyn  1988 

(573  Jarzeabowski  1984 

(533  Jell  6  Duncan  1986 

(193  Pictet-Baraban  &  Hagen  1856;  Larsson 

1978;  Keilbach  1982 
(153  Wilson  1978a 

(603  Pritykina  1968 


JtMHPAAT  CLASS  1:  MTAt-AMhPESTLE 
Fig.  49 

1.  Thysanoptera  (Peraothripidae):  Tscbekardos  (893  Vishniakova  1981 

bispidtis  Vishniakova 

2.  Hoplopleuridae:  Heobaeaatopinas  relictus  Dubinin  (Pleist3  Laurentiaux  1953 

3.  Hallophaga,  faaily  indeterainate  (193  Keilbach  1982 

4.  Hallophaga,  faaily  indeterainate  (193  Keilbach  1982 

5.  Peraopsocidae:  Peraopsocas  latipeanis  Tillyard,  (903  Tillyard  1926;  Carpenter  1932 

Cvphoneuridae:  CypAoaeura  sp. 

6.  Hartynopsocidae:  Kartyoopsocus  arcuatas  Hartynov  (893  Laurentiaux  1953 

7.  Edgarriekiidae:  Edgarriekia  asa  Jeil  4  Duncan  (533  Jell  4  Duncan  1986 

8.  Dichentoaidae:  Dicheatcaoa  tisctue  Tillyard  (903  Tillyard  1926 

9.  Dichentoaidae:  Dicbentoaua  soyasesse  Bekker-  (863  Bekker-Higdisova  1940,  1961 

fligdisova 

10.  Dichentoaidae:  Austropsocidin,  llegapsocidiua,  (833  Laurentiaux  1953 

Steacpsocidiua 

11.  Surijokopsocidae:  Surijokpsocus  radtscbeakoyi  (973  Bekker-Higdisova  1961 

Bekker-Higdisova 

12.  flrchipsyllidae:  Eopsylla  scjaaessis  Bekker-  (863  Bekker-Higdisova  1940,  1961 

Higdisova 
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El  try 

fa. 

13. 

14. 

15. 

16. 

17.  Lepidopsocidae 

18.  Lepidopsocidae 

19.  Trogiidae:  Eipheiinae 

20.  Psyllipsocidae:  Khatasgia  iaclada  Vishniakova 

21.  Psyllipsocidae:  Psyllipsocus  ?banksi  Cockerell 

22.  Psyllipsocidae:  Psyllipsocus  sp. 

23.  Liposcelidae:  Liposcalis  sp. 

24.  Sphaeropsocidae 

25.  Liposcelidae:  Liposcelis  atarus  Enderlien 

26.  Liooscelidae:  Belaphotroctes  siailis  Hockford 

27.  Sphaeropsocidae:  Sphaeropsocus  hiesosii  Hagen 

28.  Electroentoiidae 

29.  Aiphientosidae:  Proaiphiesioiii*  cretaceui 
Vishniakova 

30.  Asphientosidae:  Aapbientoaua  paradoxicu*  Pictet 

31.  Asphientosidae:  Aip/iieniomiti  elongatui  Hockford 
c*2 «  Asphientosidae 

33.  Epipsocidae:  Epipsocus  c Hiatus  Pictet 

34.  Epipsocidae:  Epipsocus  clarus  Hockford 

35.  Epipsocidae:  Epipsccus  arus  ftoesler 

36.  Caeciliidae:  Caecilius  proavus  Hagen 

37.  Caeciliidae 
33.  Caeciliidae 

39.  Elipsocidae:  Cretapsocus  capillaius  Vishniakova, 
Lachesillidae:  Archaelachesis  granulosa 
Vishniakova 

40.  Elipsocidae:  Elipsocus  abaorais  Hagen  1856 
Philotarsidae:  Philotarsus  antiguus  Kolbe, 
Archipsocidae:  Ardiipsocus  puber  Hagen 

41.  Trichopsocidae:  Tricbopsocus  aaculosus  Hockford 
Ectopsocidae:  Eclopsocus  sp. 

42.  Peripsocidae 

43.  Psocidae:  Coptostigia  aft in  is  Pictet,  Hyopsocidae 

44.  Psocidae:  Coptostig »a  sp. 


faxot  Corrtsmdiie  to  Eitry  falter 

Archipsyllidae:  Arcbipsylla  aatiqua  Handlirsch 
Archipsyllidae:  4rchipsylia  turnica  Martynov 
VArchipsyl 1 idae 

vrogiidae:  Eoltpinotus  pilosus  Vishniakova 


Fossil 

Insect 

(HORTAR-AND-PESTLE,  continued) 

Locality 

References 

[681 

Laurentiaux  1953 

[601 

Rasnitsyn  1988 

[523 

Rasnitsyn  1988 

[373 

Vishniakova  1975 

C173 

Schlee  &  Slockner  1978 

[113 

Baroni-Urbani  &  Saunders  1982 

[63 

Schuiann  6  Hendt  1989 

[373 

Vishniakova  1975 

C153 

Cockerell  1916;  Rasnitsyn  1988 

[113 

Hockford  1969 

[333 

6eorge  1969 

[373 

Rasnitsyn  1988 

[193 

Enderlein  1911 

[113 

Hockford  1969 

[63 

Hagen  1382;  Schuiann  6  Hendt  1989 

[193 

Laurentiaux  1953 

[373 

Vishniakova  1975 

[193 

Pictet  1854;  Keilbach  19B2 

[113 

Hockford  1969 

[63 

Schuiann  &  Hendt  1989 

C193 

Pictet-Baraban  h  Hagen  1956 

[113 

Hockford  1969 

[63 

Schuiann  6  Hendt  1989 

[193 

Pictet-Baraban  &  Hagen  1856;  Larsson 
1978;  Keilbach  1982 

[183 

JarzeiboKski  1976 

[63 

Schuiann  6  Hendt  1989 

C373 

Vishniakova  1975 

C191  Pictet-Baraban  &  Hagen  1856;  Hagen 
1882;  Kolbe  1883 

[113  Hockford  1969 

[61  Schuiann  &  Hendt  1989 

C113  Pictet-Baraban  6  Hagen  1856;  Hockford 

1969 

[61  Schuiann  6  Hendt  1939 
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Eatry 

Wo. 

Taxoa  Corresponding  to  Fairy  duaber 

Fossil 

Insect 

locality 

deferences 

1. 

Triassopsycbops  superb a  Tillyard 

C741 

Tillyard  1922 

2. 

Beipiaopsychops  triasgulata  Hong 

[643 

Hong  1983 

3. 

Psychopsidae 

[573 

Whalley  1988 

4. 

Propsychopsis  helei  Krftger 

[193 

Krftger  1923;  Larsson  1978 

5. 

darquettia  aiericaaa  Cockerell 

[153 

Cockerell  1907c;  Carpenter  1960a 

6. 

linnaaed  Taaily;  Tarwinfa  australis  Jell  &  Duncan 

[533 

Riek  1970a;  Jell  &  Duncan  1986 

7. 

CycJocborista  coairexicosta  Martynova 

[973 

Martynova  1958,  1961 

3. 

Bobinjohnia  tillyardi  Martynova 

[833 

Hennig  1981 

9. 

Keortfcop/iieiia  robusta  Martynov 

[713 

Martynova  1937a 

10. 

Probobittacas  arculatus  Bode 

[683 

Bode  1953 

11. 

Probittacus  avitus  Martynov 

[603 

Martynov  1927a;  Rohdendor-f  1968a 

12. 

Bittacidae 

[523 

Rasnitsyn  1988 

13. 

Bittacidae 

[233 

Grande  1980 

14. 

Bittacas  fossil  is  Carpenter 

[193 

Larsson  1978;  Keilbach  1982 

15. 

Bittacas  veternus  (Cockerell) 

[183 

JarzesboKski  1980 

16. 

Bittacidae 

[153 

Wilson  1978a 

17. 

Boreidae 

[L.  Jural 

Rasnitsyn  1988 

18. 

ToiiocAorista  oubila  Martynova 

[973 

Martynova  1958,  1961 

19. 

Platychorista  venosa  Tillyard 

[903 

Tillyard  1926b 

20. 

flariierobias  splendent  Zalessky 

[893 

Zalessky  1946 

21. 

Thaunatoaerope  sogdia na  Rasnitsyn 

[823 

Rasnitsyn  1974 

22. 

Eonerope  asiatica  Ponoaarenko 

[313 

Ponoaarenko  6  Rasnitsyn  1974 

23. 

Eoaerope  tortriciforais  Cockerell 

[153 

Cockerell  1909d;  Ponoaarenko  4 

24. 

Besocborista  proavita  Tillyard 

[743 

Rasnitsyn  1974 

Tillyard  1916;  Riek  1955 

25. 

CretacocAorista  parva  Jell  6  Duncan 

[533 

Jell  6  Duncan  1936 

26. 

Dinopaaorpa  aegarche  Cockerell 

[123 

Cockerell  1925a 

27. 

Qrthopblebia  anqustata  Martynov 

[713 

Martynov  1937a 

23. 

Orthophlebi a  ca ppilata  Whalley 

[693 

Hh alley  1985 

29. 

ProtortbopAiebia  cuneata  Bode 

[683 

Bode  1953 

30. 

Protorthophlebia  yaugouensis  Hong 

[643 

Hong  1983 

31. 

Oribophlebia  grand;?  Martynov 

[603 

Martynov  1927a;  Rohdendorf  1968a 

32. 

Protorthophlebia  sp. 

[573 

JarzeaboMski  1984 

33. 

Orthophlebiinae 

[543 

Sanz  et  ai.  1988 

34. 

Choristopanorpa  drinnani  Jell  6  Duncan 

[533 

Jell  6  Duncan  1936 

35. 

Panorpodes  sp. 

[193 

Larsson  1978 

36. 

Panorpidae 

[153 

Wilson  1978a 

37. 

Panorpidae 

[603 

Rasnitsyn  1988 

38. 

Panorpa  obsoleta  Carpenter 

[193 

Larsson  1978;  Keilbach  1932 

39. 

Panorpidae 

[153 

Wilson  1978a 
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Rtiirttces 

1. 

Ceraibycidae:  Parandrexis  beipiaoensis  Kong 

[641 

Hong  1983 

2. 

Neionychidae 

[601 

Rasnitsyn  1988 

3. 

Neionychidae 

[521 

Rasnitsyn  1988 

4. 

Neionychidae 

[191 

CroMson  1976 

5. 

Anthribidae 

[E.  Cretl  Rasnitsyn  1988 

6. 

Anthribidae 

[521 

Daitriev  A  Zherikin  1988 

7. 

Pseudoiecorhis  siaulator  Voss 

[191 

Larsson  1978 

8. 

Saperdirhyachus  priscotitillator  Scudder 

[153 

Scudder  1893;  Hilson  1978a 

9. 

Archaeorhyachas  iatitarsus  Arnoldi 

[601 

Arnoldi  1977 

10. 

[obelus  solutes  ihalley  &  Jarzeaboaski 

[561 

Whalley  &  Jarzeaboaski  1985 

11. 

Aipiiceps  deatibia  Arnoldi 

[601 

Arnoldi  1977 

12. 

Paltorbyacbus  sp. 

[231 

Croason  1976 

13. 

Oxycoronidae 

[193 

Croason  1976 

14. 

Oxycoronidae 

[?173 

Daitriev  %  Zherikin  1988 

15. 

Baissorhynchus  tarsalis  Zherikin 

[521 

Zherikin  1977 

16. 

Attelabidae 

[231 

Wilson  1978a;  Srande  1980 

17. 

Rbyacbites  subterraaeus  Scudder 

[151 

Kickhaa  1913;  Wilson  1973a 

18. 

Cretoaanopbyes  longirostris  Zherikin 

[601 

Zherikin  1977 

19. 

Apionidae  ('probably*! 

[433 

McKay  4  Ratner  1986 

20. 

Apios  aadersi  Voss 

[193 

Larsson  1978;  Keilbach  1932 

21. 

Curculionidae 

[693 

Uhaliey  1985 

22. 

Sloaik  sibirieus  Zherikin 

[601 

Zherikin  1977 

23. 

Curculioaites  hylobiodes  Northrup 

[503 

Northrup  1928 

24. 

Dorotheas  guideasis  Kuschel 

[Mastricl  Kuschel  1959 

25. 

Otiorhyachites  Hiicoxiaaus  Hickhaa 

[253 

Hickhaa  1929 

26. 

Pissodites  a rgillosus  Britton 

[261 

Britton  1960 

27. 

Cryptorrbyachites  sculpturatus  Haupt 

[221 

Haupt  1950 

28. 

Cryphalites  rugosissiaus  Cockerell 

[193 

Keilbach  1982 

29. 

Geralopbus  aaiiguarius  Scudder 

C153 

Hickhaa  1913 

30. 

Cestorbyachus  sp. 

[^ 

Hopkins  et  al.  1971 

1. 

K09TIIPAS7  CLASS  10:  PECTINATE 
Fig.  58 

Protorthoptera  (Paoliidae):  Aipeiiptera  liaburgica  [1001 

Pruvost  1927;  Brauckiann  1988 

2. 

Pruvost 

Heganeuridae:  trasipteroides  Kaieatioi  Brauckiann 

[993 

Braackaann  et  al.  1985 

3. 

Triplosobidae:  7>ipiosoba  pulcbeiia  Brcngniart 

[953 

Brongniart  1893;  Croason  et  al.  1967 

4. 

Syntopoteridae:  Litboaeura  piecko  KukalovA-Peck, 

[963 

Kukalovi-Peck  1985 

5. 

Bojophlebiidae:  Bojophlebi a  prokcpi  KukalovA-Peck 
Nisthodotidae:  Nisthodotes  stapii  Kinzelbach  & 

[943 

Kinzelbach  4  Lutz  1984 

6. 

Lutz 

Kukaloviidae:  Oboripblebia  aorarica  (Detoulin) 

[923 

Deaoulin  1970 

7. 

Protereiseidae:  Protereisaa  peraiaaua  Sellards 

[903 

Sellards  1907;  Croason  et  al.  1967 
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Fossil  (PECTINATE,  continued) 

Iisect 

Locality  Menaces 


8. 

9. 

14. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 
19. 

24. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 
29. 
34. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 


Histhodotidae:  tfisthodotes  zaiesskyi  Chernova 
Protereisuidae:  Palingeniopsis  praecox  Martynov 
Mesoplectopteridae:  Mesopleetopteroa  lotgipes 
Palingeniidae:  Mesogeaesia  petersae  Chernova, 
Behningiidae:  Archaeobehningia  edamdsi  Chernova 
Palingeniidae:  Kesopaliageaia  lerid a  Nhalley  4 
Potananthidae:  Potaaanthus  sp.,  Epheieridae 
Epheaeridae:  Epbeaera  sp. 

Hesepheaeridae:  Mesepheaera  cellulosa  Hagen 
Leptophlebiidae:  Hesoneta  antigua  Brauer,  Redten- 
bacher  4  8anglbauer 
Leptophlebiidae 

Leptophlebiidae:  Cretoneta  zheriehiai  Chernova 
Leptophlebiidae:  Paraleptopblekia  prise  a  (Pictet) 

?Leptophlebioidea 

Leptophlebiidae:  dtalopbleiia  culleni  Etheridge  4 
Cliff 

Heptageniidae:  Electrogenia  dmalsehei  Deaoulin 
Siphlonuridae:  desobaetis  sibiriea  Brauer,  Redten- 
bacher  4  Banglbauer 

Siphlonuridae:  Staekelbergisea  sibiriea  Chernova 
Siphlonuridae:  tiesonetopsis  zein  Ping 
Siphlonuridae:  Proiirava  eephalota  Jell  4  Duncan 
Siphlonuridae:  Proaaeletus  caudatus  Sinichenkova 
Isonychidae 

Aaetropidae:  Siphlopleetoa  aaerops  (Pictet) 
Siphlonuridae:  Siphlurites  sp. 

?Baetidae 

Baetidae:  Cloeot  eaaavilleasis  Riek 
?01igoneuridae 

Hexagenitidae:  Epheaeropsis  trisetaiis  Eichnald 
Hexagenitidae:  fexageaiiej  veyenbergbi  Carpenter 
Aenigaepheaeridae:  Aeaigaepheaera  deaouliai 
Chernova 

Hexagenitidae:  Epiieieropsis  trisetaiis  Eichtald 
Epheaerellidae:  Tarfaaerella  tingi  Ping 
Epheaerellidae:  Epheaerelia  viseata  Deaoulin 


[891 

Chernova  1965 

[861 

Martynov  1932 

[811 

Handlirsch  1918 

[621 

Lflfernova  1977 

[561 

tfhalley  4  Jarzeabowski  1985 

[191 

Keilbach  1982 

[151 

Chernova  1970 

[611 

Hagen  1862;  Kuhn  1961 

[641 

Brauer  et  al.  1989;  Hong  1983 

[541 

Sanz  et  al.  1988 

[371 

Chernova  1971 

[191 

Pictet-Barraban  4  Hagen  1856;  Keil¬ 

bach  1982 

[61 

Schuaann  4  Wendt  1989 

[Pliod 

Etheridge  4  Oliff  1890;  Riek  1954 

[191 

Deaoulin  1956a;  Keilbach  1982 

[671 

Brauer  et  al.  1989;  Cockerell  1924 

[621 

Chernova  1967 

[L.  Jural 

Ping  1935;  Edaunds  1972 

[531 

Jell  4  Duncan  1986 

[521 

Sinichenkova  1976 

[371 

Zherikin  4  Sukacheva  1973 

[191 

Keilbach  1982 

[151 

Chernova  1970 

[61 

Schuaann  4  Wendt  1989 

[Pliod 

Riek  1954 

[191 

Chernova  1980 

[641 

Lin  1976 

[611 

Carpenter  1932;  Kuhn  1961 

[641 

Chernova  1968 

[521 

Sinichenkova  1975 

[L  Jural 

Ping  1935;  Edaunds  1972 

[191 

Deaoulin  1968;  Keilbach  1982 
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Eatry 

Ho. 

Taxon  Correstondino  to  Entry  Hunter 

Fossil 

Insect 

Locality 

References 

1. 

Protoaeropeidae:  Altajopanorpa  piles a  Martynova 

1661 

Martynova  1959,  1961 

2. 

Unnaaed  faaily:  Tarainia  australis  Jell  4  Duncan 

[531 

Riek  1970a;  Jell  6  Duncan  1986 

3. 

Dictyodipteridae:  Dictyodiptera  lultiaerris 

[731 

Rohdendorf  1961,  1974 

4. 

Eotrichocera  Christinas  Kalugina 

[661 

Kalugina  6  Kovalev  1985 

5. 

Hailotrichocera  jurassica  Kalugina 

[621 

Kalugina  6  Kovalev  1935 

6. 

Trichoceridae 

[601 

Rasnitsyn  1988 

7. 

Trichoceridae 

[52] 

Rasnitsyn  1988 

8. 

flligotricbocera  antiqua  (Loeu) 

[19] 

Loeu  1850;  Keilbach  1982 

9. 

Trichocera  oligocasnica  Statz 

[81 

Statz  1944b 

10. 

Trichocera  sp. 

[61 

Schuaann  4  Wendt  1989 

11. 

Tipulidae 

[76] 

Olsen  et  ai.  1978 

12. 

Tipuloidea  rhaetica  Kiel  and 

[Norian] 

Wieland  1925 

13. 

dictyotipula  deasa  Rohdendorf 

C73] 

Rohdendorf  1962b,  1974 

14. 

Architipula  sinplex  Handlirsch 

[68] 

Handlirsch  1939 

15. 

Eotipulin a  sibirica  Kalugina 

[66] 

Kalugina  4  Kovalev  1985 

16. 

Eotipuliaa  fuaosa  Kalugina 

[65] 

Kalugina  4  Kovalev  1985 

17. 

SiAotipula  hua beiensis  Hong 

[64] 

Hong  1983 

18. 

fotipuloptera  sautshenkovi  Kalugina 

[621 

Kalugina  1985 

19. 

Liaoniinae 

[60] 

Rasnitsyn  1988 

20. 

Corethriun  psrtinax  Westaood 

[59] 

Westaood  1854;  Rohdendorf  1974 

21. 

Aft.  Gynoplistia 

[573 

JarzeiboHski  1984 

22. 

Liaoniinae  indet. 

[533 

Jell  4  Duncan  1986 

23. 

Liaoniinae 

[523 

Rasnitsyn  1988 

24. 

Liaoniinae 

[423 

Rasnitsyn  1988 

25. 

Tipulidae 

[373 

Zherikin  4  Sukacheva  1973 

26. 

iiaiiopAila  sp. 

[323 

Mitchell  4  Wighton  1979 

27. 

Tipulidae 

[24,233 

Wilson  1978a;  Lutz  1987 

28. 

Linonia  deist a  Giebel 

[193 

Giebel  1856;  Keilbach  1982 

29. 

Tipula  linifornis  Cockerell 

[183 

Cockerell  1916b 

30. 

Tipulidae 

[173 

Schlee  4  Slockner  1978 

31. 

Tipula  niJaatteae  Melander 

[153 

Melander  1949 

32. 

Tipulidae;  Tipula  carpenteri  Alexander 

[12,113 

Carpenter  et  aJ.  1937;  Alexander  4 

33. 

Tipula  ssctoralis ;  tielius  tenera  Statz 

[11,83 

Byers  19B1 

Zeuner  1938;  Statz  1944b 

34. 

Hhabdonastix  elegantula  Meunier 

[63 

Meunier  1906;  Schuaann  4  Wendt  1989 

35. 

Tipulodictya  ninina  Rohdendorf 

[733 

Rohdendorf  1962 

36. 

Blepharoceridae 

[423 

Rasnitsyn  1988 

37. 

?PaItostoiopsis  ciliatas 

[183 

Cockerell  1916b 

38. 

Praenacrochile  stackelberqi  Kalugina 

[663 

Kalugina  4  Kovalev  1985 

39. 

Tanyderidae 

[603 

Rasnitsyn  1988 

40. 

Hacrochile  spectrui  Loea 

[193 

Loeu  1851;  Craapton  1926 

41. 

foZiiaohia  geiaitzi  Handlirsch 

[683 

Handlirsch  1908 

42. 

Eoptychopteridae 

[603 

Rasnitsyn  1988 

43. 

Solhoia  lira  Kalugina 

[583 

Kalugina  1989 

44. 

Eoptychopteridae 

[523 

Rasnitsyn  1988 
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45.  Ptychoptera  nesozoica  Kalugina 

46.  Ptychopteridae 

47.  Bittacoaorpbeila  siocaeaica 
Cockerell 

4B.  Ptychoptera  delet a  Novak 

49.  tesops ychoda  dasyptera  Brauer,  Redtenbacher 
6anglbauer 

50.  Eopericoia  zherichini  Kalugina 

51.  Tanyderophryne  > ultitiervis  Rohdendorf 

52.  Phleiotoiites  brevifilis  Hennig 

53.  Sycorax  sp. 

54.  Neiopalpus  loiopbiaus  Eduards 

55.  Psychodidae 

56.  teaopalpus  benningiasus  Schlfiter 

57.  Trichoayia  antiguaria  Quate 

58.  Psychodidae 

59.  Thauaeleidae 

60.  Sisuliidae 

61.  Sisuliidae 

62.  Siiuliua  isportunui  Neunier 

63.  Sisuliidae 

64.  Sisuliidae 

65.  Ceratopogonidae 

66.  ?Forcipoiyia  sp. 

67.  Culicoides  kalugiaae  Ress 

68.  Kulicoides  casei  Grogan  It  Szadziewski 

69.  LasiobeJia  creta  Boesel 

70.  Ceratopogo a  flagellus  Neunier 

71.  Ceratopogonidae 

72.  Ceratopogonidae 

73.  Culicoides  obscuratus  Statz 

74.  4tricbopogon  sp. 

75.  Basyhelea  australis  Palser 

76.  drchiteiidipes  tschnenovskii 

77.  Chironoaidae 

73.  ?PodoBoius  rotusdatas  Kalugina 

79.  Bryctochlus  vukanus  Kalugina 

80.  ?Proteadzpes  sp. 

81.  Libinoclites  aeoconicus  Brundin 

82.  Tanypodinae 

83.  Cretodiaiesa  taiayrica  Kalugina 

84.  ?7venteBia  sp. 

85.  Saittia  ret a  Boesel 

86.  Chironoaidae 

87.  Chironoaidae 

83.  Chiroaoaus  obscuratus  Neunier 

89.  Chironoaidae 

90.  CbiroBoias  pristisus  Nelander;  'larves* 


Fossil  (HOUTHBRUSH,  continuedl 

Issect 

Locality  Keferences 

1521  Kalugina  1989 

[321  Wilson  1978a 

[151  Alexander  1981c 

[81  Alexander  1981c 

[67]  Brauer  et  al.  1889 

[621  Kalugina  It  Kovalev  1985 

[601  Rohdendorf  1962,  1974 

[551  Hennig  1972b 

[35]  Quate  4  Vockeroth  1981 

[193  Keilbach  1982 

[183  Jarzeabouski  1976 

[173  Baroni-Urbani  4  Saunders  1982 

[111  Quate  1961 

[63  Schuaann  4  Wendt  1939 

[E.  Cret]  Rasnitsyn  1988 

[603  Rasnitsyn  1988 

[533  Jell  4  Duncan  1986 

[19]  Keilbach  1982 

[103  Cuffey  et  ai.  1982 

[63  Schuaann  4  Wendt  1989 

[553  Schlee  4  Dietrich  1970 

[453  SchlSter  1978 

[373  Reas  1976 

[363  Srogan  4  Szadzieuski  1988 

[353  Boesel  1937 

[193  Neunier  1904d;  Keilbach  1982 

[173  Schlee  4  Slockner  1978 

[103  Cuffey  et  al.  1982 

[83  Statz  1944c 

[63  Schusann  4  Wendt  1989 

[43  Palaer  1957 

[733  Rohdendorf  1974 

[663  Kalugina  1983 

[653  Kalugina  4  Kovalev  1985 

[623  Kalugina  4  Kovalev  1985 

[603  Kalugina  4  Kovalev  1985 

[553  Brundin  1976 

[533  Jell  4  Duncan  1986 

[373  Kalugina  1976 

[363  Sriaaldi  et  al.  1989 

[353  Boesel  1937 

[243  Lutz  1987 

[233  Wilson  1978a 

[193  Neunier  1899;  Larsson  1978 

[173  Schlee  4  Slockner  1978 

[15,133  ThAobald  1937;  Nelander  1949 
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91.  Chironoaidae 

92.  Pelopia  thieaeaaaai  Statz 

93.  Chironoaidae 

94.  Calopsectra  sp. 

95.  Praechaoborus  tagsoicus  Kalugina 

96.  Eucoreihriaa  flexa  Kalugina 

97.  Chiroaoaaptera  robustus  Lin 

98.  Chiroaoaaptera  scobloi  Kalugina 

99.  Chiroaoaaptera  collessi  Jell  6  Duncan 
140.  Chaoborus  tertiarius  (Von  Heyden) 

101.  MochZoayx  atarus  Loea 

102.  Chaoborus  sp. 

103.  ?Chaoboridae 

104.  Chaoboridae 

105.  ?Culicidae 

106.  Culicidas 

107.  Culex  pipieas  Linneaus 

108.  Culex  protolepis  Cockerell 

109.  Culicidae 

110.  Culicidae;  Culicites  depereti  Heunier 

111.  Culicidae 

112.  Anopheles  rotteasis  Statz 

113.  Dixidae 

114.  Paradixa  succinea  Heunier 

115.  Dixidae 

116.  Pachyneuridae 

117.  Pachyneuridae 

118.  Paraxayiidae 

119.  Anus  beiopiaoeasis  Hong 

120.  Paraxayia  quadriradialis  ftohdendorf 

121.  Palaeoperissosoaaa  collessi  Kovalev 

122.  Perissosoaaatidae 

123.  Proto Ibiogaster  rhaetica  Rohdendorf 

124.  Proioplecia  liasiaa  (Geiifitz) 

125.  Archiplecioaiaa  loaqicorais  Kovalev 

126.  Jfesoplecia  jurassica  Rohdendorf 

127.  Siaulidiua  priscua  Westwood 

128.  Protopleciidae 

129.  Bibionidae 

130.  ?BeipiaopIecia  aalleforais  Lin 

131.  Bibionidae 

132.  Bibionidae 

133.  ?Sibionidae 

134.  Bibionidae 

135.  Bibionidae 

136.  Bibionidae 

137.  Plecia  crassicorais  Loea 

138.  Bibiodites  coailueas  Cockerell 


fossil  (MOUTHBRUSH,  continued) 

Iasect 

Locality  fefereaces 

CIO)  Cuffey  et  a 1.  1982 

C81  Statz  1944b 

C61  Schuaann  &  Wendt  1989 

Ml  Palaer  1957 

(661  Kalugina  6  Kovalev  1985 

C651  Kalugina  6  Kovalev  1985 

C643  Lin  1976 

C621  Kalugina  &  Kovalev  1985 

1531  Jell  &  Duncan  1986 

C221  Cook  1981 

(191  Loea  1861;  Larsson  1978 

C133  Cook  1981 

[Miocene!  Scudder  1890 

161  Schuaann  6  Wendt  19B9 

(571  Jarzeaboaski  1984 

[231  Wilson  1978a 

£191  Keilbach  1982 

[18]  Cockerell  1916b 

[173  Schlee  6  Slockner  1978 

[11,103  Wilson  1978a;  Lutz  1985 

C103  Cuffey  et  al.  1982 

C83  Statz  1944b 

[533  Jell  4  Duncan  1986 

[193  Meunier  1906b;  Hennig  1966 

[63  Schuaann  6  Wendt  1989 

[603  Rasnitsyn  1983 

£173  Schlee  4  Slockner  1978 

[Lias]  Daitriev  4  Zherikin  1988 

[643  Hong  1983 

[603  Rohdendorf  1946 

[653  Kalugina  4  Kovalev  1985 

[Dogger]  Daitriev  4  Zherikin  1988 

[733  Rohdendorf  1974 

[683  Seinitz  1884;  Peterson  1975 

[663  Kalugina  4  Kovalev  1985 

[603  Rohdendorf  1938 

[593  Westwood  1854;  Rohdendorf  1974 

[Albian]  Daitriev  4  Zherikin  1988 

[763  Olsen  et  ai.  1978 

[643  Lin  1976 

£523  Rasnitsyn  1988 

[433  Rayner  1987 

[373  Zherikin  4  Sukacheva  1973 

[353  McAlpine  4  Martin  1969 

[323  Wilson  1978a 

£233  Wilson  1978a 

[193  Loea  1850;  Keilbach  1982 

£183  Cockerell  1916b 
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139.  Hesperitus  iiautabilis  Helander, 

140.  Plecii  aiagua;  Plecia  pristina  Hardy 

141.  Bibio  sticbeli  Handlirsch 

142.  Rftaetofuagirora  reticulata  Rohdendorf 

143.  Rodendorfoiyiella  iacorporalis  Kovalev 

144.  firyanska  elegantissiaa  Kovalev 

145.  RiUibeinigia  curtipes  Kovalev 

146.  Pleciofungivoridae 

147.  Pleciofungivoridae 

148.  Protoscatopse  jarassica 

149.  Scatopsidae 

150.  Prchyperoscelis  jurassicus  Kovalev 

151.  Prodocidia  spectra  Whalley 

152.  Sciophilinae 

153.  Pseadalysiitia  fragaeata  Jell  4  Duncan 

154.  Mycetophilidae 

155.  Schheteriayia  ceaoaaaica  Matile 

156.  Mycetophilidae 

157.  Mycetophilidae 

158.  Mycetophilidae 

159.  Sciophilinae 

160.  Mycetophilidae 

161.  Mycetophilidae 

162.  Nycetophila  aniemta  (Loew) 

163.  Nycetophila  vecteasis  Cockerell 

164.  Proceroplatas  heaaigi  Schaalfuss 

165.  Exechia  prisctila  Melander 

166.  Mycetophilidae 

167.  Mycetophilidae 

168.  Sciaridae 

169.  Sciaridae 

170.  Sciaridae 

171.  Sciara  cf.  deilectuosa  Meunier 

172.  Sciaridae 

173.  Sciaridae 

174.  Sciara  sp. 

175.  beteroiricha  hirta  (Loewi 

176.  Sciara  gtiraeiensis  cockerell 

177.  Sciaridae 

178.  Sciara  jopora  Melander;  Sciara  sp. 

179.  Sciara  weylan di 

180.  Sciaridae 

181.  Cecidosyiidae 

182.  Brachycera  (Prctobrachyceronidael:  Proiobrachy 
cere a  Handlirsch 

183.  Dryopoidea 

184.  Buprestidae 

185.  Buprestidae:  Psendethyrea  oppeaheisi  Handlirsch 


fossil  (HOUTHBRUSH,  continued) 

Insect 

Locality  References 

[15,131  Helander  1949;  Theobald  1937 
[12,111  Cockerell  1925a;  Hardy  1971 
[91  Handlirsch  1908;  Zeuner  1938 

[731  Rohdendorf  1962 

[661  Kalugina  4  Kovalev  1985 

[651  Kalugina  6  Kovalev  1985 

[621  Kalugina  6  Kovalev  1985 

[601  Rasnitsyn  1988 

[521  Rasnitsyn  1988 

[601  Rohdendorf  1946 

[421  Rasnitsyn  1988 

[653  Kalugina  &  Kovalev  1985 

C693  Whalley  1985 

[573  Jarzenbowski  1984 

[533  Jell  4  Duncan  1986 

[523  Rasnitsyn  1988 

[451  Matile  1981 

[421  Rasnitsyn  1988 

[373  Zherikin  4  Sukacheva  1973 

[363  Sriaaldi  et  a 1.  1989 

[353  McAlpine  4  Martin  1969 

[323  Wilson  1978a 

[231  Wilson  1978a 

[193  Loew  1850;  Keilbach  1982 

[183  Cockerell  1916b 

[173  Schaalfuss  1979;  Keilbach  1982 

[153  Melander  1949 

[83  Statz  1944a 

[61  Schuaann  4  Wendt  1989 

[553  Srisaldi  et  ai.  1989 

[523  Rasnitsyn  1988 

[423  Rasnitsyn  1988 

[362  Srisaldi  et  aZ.  1989 

[353  McAlpine  4  Martin  1969 

[323  Wilson  1978a 

[233  Wilson  1978a 

[193  Loew  1850;  Keilbach  1982 

[183  Cockerell  1916b 

[173  Baroni-Urbani  4  Saunders  1982 

[15,133  ThAobald  1937;  Melander  1949 
[81  Statz  1944 

[61  Schuaann  4  Wendt  1989 

[553  Schlee  4  Dietrich  1970;  Sagnt  1973 
[683  Handlirsch  1908;  Kalugina  4  Kovalev 

1985 

[693  Whalley  1985 

[763  Olsen  et  ai.  1978 

[613  Ponoaarenko  1971 
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Fossil 

(H0UTHBRUSH,  continued! 

fntry 

Insect 

to. 

Taxon  Corresmdito  to  Entry  Hunter 

Locality 

References 

196. 

Buprestidae 

1601 

Crowson  1981;  Rasnitsyn  1988 

187. 

Buprestidae:  Kbrysobotris  ballae  Rhalley  4 
Jarzeabouski 

[561 

Rhalley  4  Jarzeabowski  1985 

188. 

Buprestidae 

[521 

Rasnitsyn  1988 

189. 

Buprestidae 

[391 

Rasnitsyn  1988 

190. 

Buprestidae 

[323 

Wilson  1978a 

191. 

Buprestidae 

[241 

Lutz  1987 

192. 

Buprestidae:  Cblorodena  prinordaZis  (Pangracz'J 

[223 

Haupt  1950;  Abdullah  1975 

193. 

Buprestidae:  Electrapate  nartynoy:  Yablokov- 
Kinzorian 

[193 

Yablokov-Kinzorian  1962;  Keilbach  1982 

194. 

Buprestidae:  8 uprestus  florissaateasis  Rickhaa 

C151 

Rickhaa  1914 

195. 

Prolyonetia  cockereili  Kusnezov 

[191 

Kusnezov  1941;  Kozlov  1988b 

196. 

Succuiatrix  platan:  Kozlov,  leaf-nine  on  PZatajus 

[391 

Kozlov  1988b  ' 

197. 

Sracillarites  sp.,  leaf-line 

[291 

Crane  4  Jarzeibowski  1980;  Kozlov  1988b 

198. 

firacillarites  litbuanicus  Kozlov 

[193 

Kozlov  1987 

199. 

Lithocolletis  sp.,  leaf-line  on  unknown  leaf 

[Miocene! 

Freeaan  1965 

200. 

Succuiatrix  platanus  Kozlov,  leaf-line  on 

[Miocene]  Kozlov  l98Bb 

Platanus 

201. 

Caloptilia  sp.,  leat-aine  on  Suercus 

[Miocene!  Opler  1973 

202. 

Caloptilia  sp.,  leaf-line  on  0uercus 

[Miocene!  Opler  1973 

203. 

Pbyllocnistis  sp.,  leaf-line  on  Cedrela 

[23! 

Hickey  6  Hodges  1975 

KMHPART  CLASS  12:  KAHDIBilLOBRltSTlATE 

Fif.  64 

i. 

Archaeolepidae:  Arcbaeolepis  nane  Rhalley 

[691 

Whalley  1985,  1986 

2. 

flectralberia  cretacica  Botosaneanu  4  Richard 

[351 

Botosaneanu  4  Richard  1983 

3. 

Psychoayiidae 

[341 

Rolbert  et  al.  1988 

4. 

.4rcJiaeotiBodes  lasceolata  Ulaer 

[193 

Keilbach  1982 

5. 

Hydropsycbe  subnaculata  Kolenati 

[193 

Keilbach  1932 

6. 

Leptoneia  sp. 

[173 

Richard  1987 

7. 

Hydropsychidae 

[151 

Hi Ison  1978a 

8. 

Arcftaeopolycentra  zheritbini  Botosaneanu  4  Richard 

[371 

Botosaneanu  4  Richard  1993 

9. 

Millopsyche  sp. 

[173 

Richard  1987 

10. 

Prepbilopotaaus  asiaticus  Sukacheva 

1823 

Sukacheva  1973 

11. 

Philopotaaidae 

[373 

Botosaneanu  4  Richard  1983 

12. 

Chinarra  succini  Richard 

[173 

Richard  1983 

13. 

Hecrotaulivs  proxinus  Sukacheva 

[703 

Sukacheva  1973 

14. 

becrotaulius  nargiaatus  Bode 

[683 

Bode  1953 

15. 

Secrotaulius  Yascialatus  Hong 

[64[ 

Hong  1983 

16. 

Kara taui f us  aeterius  Sukacheva 

[60! 

Sukacheva  1968b 

17. 

Rhyacophilidae 

[L.  Jural  Diitriev  4  Zherikin  1988 

18. 

Rbyacopbila  aatiguissina  Botosaneanu  4  Richard 

[373 

Botosaneanu  4  Richard  1983 

19. 

Rbyacopbila  kutscberi  Mey 

[193 

Mey  1998 

20. 

Slossosoiatidae 

[193 

Daitriev  4  Zherikin  1988 

21. 

Canpsiopbora  sp. 

[173 

Richard  1987 
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Ei  try 

to,  Taxoa  Corresaoadiag  to  E»try  tuaber 

22.  Palaeobydrobiosis  siberaabr a  (Botosaneanu  & 
Hichard 

23.  Hydroptilidae 

24.  Hydroptilidae 

25.  Agrayiea  spathifera  Ulcer 

26.  Alisotricbia  sp. 

27.  Hydroptilidae 

28.  Prorhyacopbila  furcata  Sukacheva 

29.  flysoaeura  trifurcate  Sukacheva 

50.  Baissopbrygatoides  aonstruosus  Sukacheva 

31.  Phryganeidae 

32.  Phrygaaea  Iavrushini  Cockerell 

33.  Baissoferus  latus  Sukacheva 

34.  Lepidosoaatidae 

35.  lianephilidae 

36.  Liaaephilus  reoiltus  Cockerell 

37.  Boer  a  graciJicornis  Ulaer 

38.  Bracbyceatrus  labialis  Hagen 

39.  Vitiaotaulidae 

40.  kitiiotauifus  legibilis  Sukacheva 

41.  Beraeodes  pectiaata  Ulaer 

42.  Sericostoaatidae 

43.  4rachaeocru»oecia  valdicorais  Ulaer 

44.  Sericostoaatidae 

45.  Odontoceridae 

46.  Holaaaa  crassiconis  Ulaer 

47.  Helicopsychidae 

48.  Helicopsyche  sp. 

49.  ?flcetis  sp. 

50.  Praeat/iripsodas  jantar  Botosaneanu  &  Hichard 

51.  tedopsyche  sp. 

52.  Leptoceridae 

53.  Calaaoceratidae 

54.  Bhabdoceras  iascolus  Ulaer 


Fossil  (HAHSIBUL0BRUST1ATE,  continued) 

lasect 

Locality  Refereacts 

[371  Botosaneanu  t  Hichard  1982 

[373  Dcitriev  S  Zherikin  1988 

[233  Hi Ison  1978a 

C193  Larsson  1978;  Keilbach  1982 

[173  Hichard  1987 

[153  Kilson  1978a 

[703  Sukacheva  1973 

[603  Sukacheva  1968b 

[523  Sukacheva  1968a 

[153  Hi Ison  1978a 

[123  Cockerell  1925a 

[523  Sukacheva  1968a 

[193  Daitriev  &  Zherikin  1988 

[153  Nilson  1978a 

[123  Cockerell  1925a 

[193  Keilbach  1982 

[193  Pictet-Baraban  b  Hagen  1856;  Keilbach 

1982 

[603  Rasnitsyn  1988 

[523  Sukacheva  1968a 

[193  Keilbach  1982 

[373  Zherikin  6  Sukacheva  1973 

[193  Keilbach  1982 

[153  Hi Ison  1978a 

[153  Hilson  1978a 

[193  Larsson  1978;  Keilbach  1982 

[193  Daitriev  6  Zherikin  1988 

[173  Hichard  1987 

[533  Jell  &  Duncan  1986 

[373  Botosaneanu  i  Hichard  1985 

[173  Hichard  1983 

[153  Hilson  1978a 

[533  Jell  «  Duncan  1986 

[193  Larsson  1978;  Keilbach  1982 


MK7SPM7  CLASS  13:  SER1CTERKIE 
Fig.  (1 

1.  Coieoptera  (Cupedidae):  Eocupes  Mjaaovitschi  [973  Rohdendorf  1961 

Rohdendorf,  and  several  other  faailies 

2.  Megaloptera  (Peraosialidae):  Peraosialis  sibirita  [973  Martynova  1961;  CrowsGn  at  af.  1967 
Martynova;  Planipennia  IPeraithionidae):  Peraitho-' 

aopsis  kaltaaeasis  Martynova 

3.  Xyelidae:  Triassoxyela  foreolata  Rasnitsyn  [823  Rasnitsyn  1964 

4.  Xyelididae:  SagaZyda  ferganica  Rasnitsyn  [713  Rasnitsyn  1983 

5.  Xyelidae:  Liadoxyela  ieasis  Rasnitsyn  [673  Rasnitsyn  1969 
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Fossil 

Iasect 

(SER1CTERATE,  continued) 

Bo. 

Taxoi  Correspoadiio  to  E»tr y  Umber 

Locality 

Keferetces 

6. 

Xyelidae:  Xyelisca  leptopoda  Rasnitsyn 

1661 

Rasnitsyn  1969 

7. 

Xyelididae:  Kesol yda  depressa  Rasnitsyn 

1601 

Rasnitsyn  1969 

8. 

Xyelidae:  Eoxyela  sibiri ca  Rasnitsyn 

1521 

Rasnitsyn  1969 

9. 

Paiphilidae:  Atocus  defesstis  Scudder 

1151 

Scudder  1892 

10. 

Xyelotoaidae:  Xyelotoia  aigricornis  Rasnitsyn 

160] 

Rasnitsyn  1968 

11. 

Xyelotoaidae:  Vitiilarva  paradoxa  Rasnitsyn 

1521 

Rasnitsyn  1969 

12. 

Tenthredinidae 

1151 

Wilson  1978a 

13. 

Myraiciidae:  Sfturabisca  liassica  Rasnitsyn, 
6igasiricidae:  Liasirex  sogdiaaus  Rasnitsyn, 
Sepulcidae:  Sepuiia  liraiilis  Rasnitsyn 

1713 

Rasnitsyn  1968 

14. 

Beipiaosiricidae:  Beipiaosirex  parva  Kong, 
Sinoryssidae:  Sinoryssns  suni  Hong 

1643 

Hong  1933 

15. 

Siricidae:  Pseudosirex  s nelleni  Weyenbergh 

1613 

Weyenberg  1869;  Kuhn  1961 

16. 

Sigasiricidae:  Protosirex  xyelopterus  Rasnitsyn 

1603 

Rasnitsyn  1968 

17. 

Kyraiciidae:  Foriiciua  brodiei  Westwood 

1593 

Westwood  1854 

18. 

Syntexidae:  Dolickostig la  tenuipes  Rasnitsyn 

1523 

Rasnitsyn  1968 

19. 

Orussidae:  Besorussus  taiayrensis  Rasnitsyn 

C373 

Rasnitsyn  1977a 

20. 

Kyraiciidae:  Begapterites  a irabilis  Cockerell 

1243 

Cockerell  1920 

21. 

Siricidae:  Urucerus  klebsi  Brues 

C193 

Brues  1926 

22. 

Siricidae 

[153 

Wilson  1978a 

23. 

Cephidae;  Sinocephus  beipaioensis  Hong 

[643 

Hong  1983 

24. 

Cephidae;  tiesocephus  sibiricus  Rasnitsyn 

[693 

Rasnitsyn  1968 

25. 

Cephidae:  Electrocephus  stralendorffi  Konow 

[193 

Konow  1897 

26. 

Cephidae 

[153 

Wilson  1978a 

27. 

Ichneuscnidae:  Tasyc/iorelia  parxula  Rasnitsyn 

[663 

Rasnitsyn  1975 

28. 

Ichneuaonidae:  fcichneuion  duncaaae  Jell  4  Duncan 

[533 

Jell  6  Duncan  1986 

29. 

Ichneuaonidae:  Taaychora  petiolat a  Townes 

[523 

Townes  1973a 

30. 

Ichneuaonidae:  Catachora  liner  Townes, 

Braconidae:  Dicspilus  allani  Brues 

[373 

Brues  1937;  Townes  1973b 

31. 

Ichneuaonidae 

[353 

Kcftlpine  6  Hartin  1969 

32. 

Ichneuaonidae 

[333 

George  1952 

33. 

Ichneuaonidae 

[243 

Lutz  1987 

■  34. 

Braconidae:  Palaeorhyssalus  dubitosus  Brues 

[193 

Brues  1933 

35. 

Ichneuaonidae;  Ichneuaonoidea 

[18,173 

Jarzeabowski  1976;  Schlee  6  Slockner 
1978 

36. 

Ichneuaonidae 

[153 

Wilson  1978a 

37. 

Trigonal idae:  Cretogonalys  taiiyricus  Rasnitsyn 

[373 

Rasnitsyn  1977a 

38. 

Kegalyridae:  Cleistogaster  bariatica  Rasnitsyn 

[663 

Rasnitsyn  1975 

39. 

Kegalyridae:  Cleistogaster  obsoira  Rasnitsyn 

[603 

Rasnitsyn  1975 

40. 

Ephialtitidae:  Fphialtites  jarassicus  Keunier 

[563 

Heunier  1903;  Whalley  4  Jarzeabowski 
1985 

41. 

flegalyridae:  Cretogaster  vitiaica  Rasnitsyn 

[523 

Rasnitsyn  1975 

42. 

Kegalyridae:  Cretodinaspis  caucasica  Rasnitsyn 

[513 

Rasnitsyn  1977a 

43. 

Stephanidae:  flectrostepbanus  brexicornis  Brues, 
Kegalyridae:  Prodinspsis  succinalis  Brues 

[193 

Brues  1923 

44. 

Stephanidae:  Protostepftanas  asbaeadi  Cockerell 

[153 

Cockerell  1906;  Brues  1910 

45. 

Hegaspilidae:  Aiiocotidus  bruesi  Kuesebeck 

[403 

Kuesebeck  1963 

46. 

Heloridae:  Protobelorus  aesozoicus  Kozlov 

[603 

Kozlov  1968 
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Fossil 

1SERICTERATE,  continued! 

Entry 

Iasect 

do. 

Taxon  Correstondino  to  Entry  dauber 

Locality 

References 

47. 

Hyaaridae:  GaJZoroiia  bezonaaisensis  Schlflter 

1451 

Schlflter  1978 

48. 

Ibalidae 

1391 

Rasnitsyn  1980 

49. 

Cynipidae 

[371 

Zherikin  1  Sukacheva  1973 

SO. 

Cynipidae:  Protinaspis  costalis  Kinsey 

[35] 

Kinsey  1937 

St. 

Cynipidae:  Atilacidea  succisea  Kinsey 

[191 

Kinsey  1919 

52. 

Cynipidae:  Rhodites  ntus  Cockerell 

[18] 

Cockerell  1921 

S3. 

Ibalidae:  Protoibali a  comxiva  Brues, 

Figitidae:  Fiqites  solus  Brues 

[15] 

Brues  1910 

54. 

Cynipoidea 

[8] 

Statz  1938 

55. 

Aulacidae:  Besaulacinus  ovifornis  Martynov 

[60] 

Martynov  1925 

56. 

Aulacidae:  Paraulacus  sinicas  Ping 

CL.  Jura/  Pingl928 

E.  Cret] 

57. 

Cretevaniidae 

[573 

JarzeaboNski  1984 

58. 

Cretevaniidae:  Creteraaia  liauta  Rasnitsyn, 
Aulacidae:  desaulaciaus  sp.,  Evaniidae: 
Cleistogastrinae 

[373 

Rasnitsyn  1975 

59. 

Evaniidae:  Evania  reianea  Brues 

C193 

Brues  1933 

60. 

Aulacidae:  flicrauiacinus  pn'jculo;  Brues, 
Praeaulacidae,  Evaniidae 

[151 

Brukes  1910;  Rasnitsyn  1972 

61.' 

?Bethyloid 

[533 

Jell  It  Duncan  19B6 

62. 

Bryinidae:  Cretodryiatis  zherichini  PonoBarenko, 
Scolebythidae:  Cretabythus  sibiricus  Evans, 
Chrysididae:  Kypocleptes  rasaitsyai  Evans, 
Bethylidae:  Arcbepyris  aisutas  Evans 

[373 

Evans  1973;  Rasnitsyn  1975 

6 -j. 

Chrysididae:  Prodeptes  carpeatieri  Evans 

[353 

Evans  1969 

64. 

Chrysididae:  Protocbrysis  succiaalis  Bischoff, 
Eaboleaidae:  Eaholetus  bremcaptuj  Brues 

E193 

Bischoff  1915;  Brues  1933 

65. 

Chrysididae:  TEpyris  teaellus  Btatz 

[83 

Statz  1938 

66. 

Paapilidae:  Ponpiliopteras  ciliatus  Rasnitsyn 

[523 

Rasnitsyn  1975 

67. 

Poapilidae:  Epiponpilius  sp. 

[193 

Kaningsaann  1978b 

63. 

Poapilidae:  Psaanocbares  sp. 

[83 

Statz  1938 

69. 

Hutillidae:  Creiavus  sihiricas  Sharov 

[Cenoaan3 

Sharov  1957a;  Hennig  1981 

70. 

Tiphiidae 

[373 

Zherikin  It  Sukacheva  1973 

71. 

Hutillidae:  Protomtilla,  sp. ,  Sapygidae 

[193 

Bischoff  1927;  Brothers  1974 

72. 

Tiphiidae:  Litbotiphia  sp. 

[153 

Handlirsch  1908 

73. 

Angarosphecidae:  Angarosp/iex  ayriicopterus 
Rasnitsyn 

[523 

Rasnitsyn  1975 

74. 

Falsiforaicidae 

[453 

Schlflter  1978 

75. 

Falsiforaicidae:  Palsiiortica  cretacea  Rasnitsyn 

[373 

Rasnitsyn  1975 

76. 

Nasaridae:  Curiwespa  curiosa  Rasnitsyn 

[393 

Rasnitsyn  1975 

77. 

Euaenidae:  ?41astor  soZidescens  (Scudderl 

[273 

Piton  1940;  Burnhaa  1978 

78. 

Vespidae:  Palaeorespa  baltica  Cockerell 

[193 

Cockerell  19C9e 

79. 

Vespidae:  Polishes  industries  Theobald, 

Euaenidae:  Wiyndiiai,  sp. 

[133 

Thflobald  1937;  Burnhaa  1978 

80. 

Euaenidae:  Alastor  rotteasis  Statz,  Vespidae: 

Kespa  nigra  Statz 

[83 

Statz  1936 

81. 

Foraicidae 

[553 

Hennig  19B1 

82. 

Foraicidae:  Cretacoforaica  explicata  Jell  6  Duncan  1531 

Jell  6  Duncan  1986 
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Fossil 

(SERICTEMTE,  continued) 

E>  try 

Jasect 

Mo. 

Taxoi  Corresaoadiao  to  Eatn  Maaber 

Locality 

Kefereaces 

83. 

Foraicidae:  Peltopoae  petiolata  Dlussky 

[39] 

Dlussky  1975 

84. 

Foraicidae:  Cretoayria  a raoldi  Dlussky 

[37] 

Dlussky  1975 

B3. 

Foraicidae:  SpAecoayraa  freyi  Hi  Ison,  Carpenter  li 
Brown 

[36] 

Wilson  et  al.  1967 

86. 

Foraicidae:  ?Sphecoiyr»a  sp. 

[35] 

Burnhan  1978 

87. 

Foraicidae 

[25] 

Saunders  et  al.  1974 

88. 

Foraicidae:  Dolichoderinae 

[24] 

Lutz  1987 

89. 

Foraicidae:  Polaaskiella  saekali  De  Garcia 

[20] 

De  Sard  a  1983 

90. 

Foraicidae:  fonica  str angulata  Wheeler,  and  aany 

[19] 

Burnhaa  1978;  Larsson  1978;  Keilbach 

other  genera 

1982 

91. 

Foraicidae:  flecophyiia  sp. 

[18] 

Jarzeabowski  1976 

92. 

Foraicidae:  Archiayrayx  rostratus  Cockerell 

[15] 

Carpenter  1930 

93. 

Foraicidae:  Aft.  Tapiaoaa 

[6] 

Barthel  ti  Hetzer  1982 

94. 

Foraicidae:  Caaponotus  sp. 

[1] 

Hopkins  et  aJ.  1971 

95. 

Sphecidae:  Archisphex  croxsoai  Evans 

[573 

Evans  1969 

96. 

Sphecidae:  Aft.  Aphelotcia 

[543 

Jarzeabowski  1934 

97. 

Sphecidae:  Pesphredoninae 

[533 

Jell  &  Duncan  1986 

98. 

Sphecidae:  Cretosphex  iacertes  Rasnitsyn 

[523 

Rasnitsyn  1975 

99. 

Sphecidae:  Ballosphex  cretaceus  Schliiter 

[453 

Schibter  1978 

too. 

Sphecidae:  Taiayrspbex  pristiaos  Evans 

[373 

Evans  1973 

101. 

Sphecidae:  Lispe aeaa  singularis  Evans  1969 

[353 

Evans  1969 

102. 

Sphecidae:  Crabo  siscciaalis  Cockerell 

C193 

Cockerell  1909e;  Keilbach  1982 

103. 

Sphecidae 

[81 

Bohart  6  Menke  1976 

104. 

Sphecidae:  Passaloecas  max  Sorg 

[63 

Sorg  1986;  Schunann  6  Wendt  1989 

105. 

Apidae:  Trigona  prisca  Michener  6  Sriaaldi 

[363 

Hichener  6  Sriaaldi  1989a,  1939b 

106. 

Apidae:  Proboabus  hirsutus  Piton 

[273 

Piton  1940;  Burnhaa  1978 

107. 

Anthophoridae 

[233 

Wilson  1978a 

108. 

Andrenidae:  Aadreaa  xrisleyi  Salt, 

[193 

Burnhaa  1978;  Larsson  1978;  Keilbach 

Melittidae:  Aeiitta  nillardi  Cockerell, 

Apidae:  Eledrapis  proara  (Menge! 

1982 

109. 

Apidae:  Trigona  doiinicana  Wille  6  chandler 

[17] 

Burnhaa  1978 

110. 

Kalictidae:  Halidas  scudderiellus  Cockerell, 
Megachilidae:  Atthidiua  exhuiatui  Cockerell, 
Anthophoridae:  Ant/iGphora  aelfordi  Cockerell 

C153 

Burnhaa  1978 

111. 

Apidae:  7rigcna  sila cea  Wille 

[113 

Burnhaa  1978 

112. 

Anthophoridae:  Xyiocopa  iriesei  Statz 

[83 

Burnhaa  1978 

113. 

Apidae:  Apis  arabrasteri  Zeuner 

153 

Zeuner  1931 

114. 

Andrenidae:  Aadreaa  pritaeva  Cockerell, 

Halictidae:  Osaia  aatigua  Heer 

[33 

Burhnaa  1978 

115. 

Necoptera  (Protoseropeidae) :  Aifajopaaorpa  brevis 
Martynova 

[973 

Martynova  1961;  Hennig  1981 

116. 

Philopotaaidae:  Prepbilopoiaaus  asiaticas 

[823 

Sukacheva  1973 

117. 

Eolepidopterygidae:  Eolepidopter yx  jurassica 
Rasnitsyn 

[603 

Rasnitsyn  1983a;  Whalley  1986 

118. 

Eolepidopterygidae:  daiopteryx  rasaitsyai  Skalski 

[523 

Skalski  1984b;  Whalley  19B6 

119. 

Archaeolepidae:  Archaeolepis  laae  Whalley 

[693 

Whalley  1985,  1986 

120. 

Micropterygidae:  Parasabatiaca  aftiaacrai  Hhalley 

[553 

Whalley  1977,  1986 

121. 

Micropterygidae:  PaiaeosabatiJca  zberichiai  Kozlov  [521 

Kozlov  1988b 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


1160 


Fossil  (SERICTERATE,  continued) 

Entry  insect 


fg. 

Taxon  Corresponding  to  Entry  Umber 

Locality 

References 

122. 

Hicropterygidae 

[451 

Schl&ter  197B 

123. 

Hicropterygidae:  Sabatinca  proavitella  Rebel 

C191 

Larsson  1978;  Keilbach  1982 

124. 

Hicropterygidae:  Kicropteryx  angelica  Jarzenbowski  [181 

Jarzenbowski  1980 

125. 

?Eriocraniidae:  lladopteryx  sukatshevi  Skalski 

[521 

Skalski  1979a;  Hhalley  1986 

126. 

?Lophocoronidae 

[373 

Skalski  1979b 

127. 

Hepialiidae:  Prohepialas  sp. 

[273 

Piton  1940 

128. 

Hepialiidae 

[Priabon]  Harris  1984 

129. 

Hepialiidae:  Prohepialus  sp. 

[1B3 

Jarzeabowski  1980 

130. 

?Incurvariidae 

[553 

Hhalley  1977,  1986;  Hennig  1981 

131. 

Hepticulidae:  Stignellites,  leal-nines 

[393 

Kozlov  1988b 

132. 

•Hine  type  3* 

[293 

Crane  6  Jarzeabowski  1980 

133. 

Tineidae:  4dela  koznetzovi  Kozlov 

[193 

Kozlov  1988a 

134. 

Sracillariidae:  Succulatrix  platan x  Kozlov,  leal- 

[393 

Kozlov  1988a 

135. 

91  nB 

Macrolepidopteran  egg 

[Maestri 

Sail  4  Ti-ffney  1983;  Hhalley  1986 

136. 

Tineoidea 

[353 

HacKay  1970;  Hhalley  1986 

137. 

Papilionoidea;  Rhopalocera 

[24,233 

Durden  4  Rose  1978;  Lutz  1987 

138. 

Psychidae:  ?Sterrhopteryx  pristinell a  Rebel, 
Tineidae:  ProscardZites  kusnezovi  Kozlov, 
Plutellidae:  PJatellites  fenebricus  Kozlov, 
Lyanetiidae:  Prolyonetia  cockerelli  Kusnezov, 
Tortricidae:  Tortricidiosis  inclusa  Skalski, 
Qecophoridae:  Depressarites  levipalpella  Rebel, 
Pyralidae:  ffleodotricliia  oigae  Kusnezov, 
Elachistidae:  Unbia  cuprella,  Rebel 

[193 

Rebel  1934,  1935;  Kusnezov  1941; 
Skalski  1973b;  Larsson  1978;  Keilbach 
1982;  Kozlov  1987,  1988b 

139. 

Tineidae:  Copronorpiia  iossilis  Jarzeabowski, 
?Cossidae:  Gurnetia  durranti  Cockerell, 

Pyralidae:  Pyralites  preecei  Jarzenbowski, 
Nyaphalidae:  dyapbalites  zetneri  Jarzenbowski, 
Lycaenidae:  Litbopsyche  antigua  Butler, 
Geoaetridae:  Seonetridites  larentiifornis 
Jarzenbowski 

[183 

Jarzeabowski  1980 

140. 

Lycaenidae:  dguisextaiia  ireaai  The’obald, 
Libytheidae:  Prolibythea  vagabuada  Scudder, 
Nyaphalidae:  ^ipan thesis  ieuce  Scudder, 

Pieridae:  Oligodont a  florissantensis  Brown 

[15,133 

Scudder  1889;  Thdobald  1937;  Brown 
1976;  Kozlov  1988b 

141. 

Nyaphalidae:  ‘Raupe  ait  Dornen,*  Pyralidae: 

'Kleine  Raupe,*  Sphingidae:  'Sphingidenraupe* 

[73 

Zeuner  1931 

MIITIIPW  CLASS  14:  F0SSATE  COUPLE! 

Fig .  70 

1. 

Kesoraphiididae:  detaraphidia  confusa  Hhalley 

[693 

Hhalley  1985 

2. 

Peraosialidae:  Pernosialis  sibiric a  Martynova 

[973 

Sharov  1953;  Hennig  1981 

3. 

Karguettia  anericana  (Cockerell) 

[153 

Carpenter  1960 

4. 

4ctinopftZeiia  internixta  (Scudder) 

[693 

Hhalley  1988 

5. 

Brongaiartella ,  sp. 

C613 

Laurentiaux  1953 
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Entry 

to.  Ta»o>  Corresmdiio  to  Entry  taabtr 

6.  Brongni artel lidae 

7.  Paractiaophlebia  csrtsii  (Scudder) 

8.  Kalligrama  flexaosui  Panfilov 

9.  Kalligranaatidae 

10.  Kalligrauatidae 

11.  Peraithoae  belaoateasis  Tillyard 

12.  Archaeosaylus  costalis  Riek 

13.  4rcJ>aeosiyi«s  cm  plexus  Whalley 

14.  Ascalaphus  proavas  Hagen 

15.  teadelphas  protae  MacLeod 

16.  Palaeoleoa  ftrrogeaeticus  Rice 

17.  Bendroleo a  septenaoBtanus  Statz 

18.  ilesoayaphes  hageai  Carpenter 

19.  Pronynpftes  nesgeanus  Krbger 

20.  Nyaphitidae 

21.  Nyaphitidae 

22.  ?Triassopsyd>ops  superia  Tillyard 

23.  Beipiaopsyckops  triaagalata  Hong 

24.  Psychopsidae 

25.  Propsychopsis  helai  Krbger 

26.  Mesoc/irysopa  zitteli  Heunier 

27.  Hesopochrysa  Iatipeaais  Martynov 

28.  Protopsychopsis  venosa  Tillyard 

29.  Pesopolystoedius  nagnificus  Tillyard 

30.  Proheaerobiidae 

31.  Proheaerobiidae 

32.  Chrysopidae 

33.  Chrysopidae 

34.  Chrysopidae:  Chrysopinae 

35.  Chrysopidae:  Chrysopinae 

36.  drdiaeochryja  fracta  (Cockerell) 

37.  toiockrysopa  praeclara  Statz 

38.  Proheaerobius,  sp. 

39.  Prophleboae aa  resiaata  Krbger 

40.  Heaerobius  tiactus  Jarzeabowski 

41.  Heaerobiidae 

42.  Lithosaylidia  Iiaeata  Riek 

43.  Kescpolystoeclxis  nagnificus  Tillyard 

44.  Hesopolysioechus  naagyiagziensis  Hong 

45.  Proaatiispa  relicta  (Cockerell) 

46.  Banoberotfta  esignatica  Whalley 

47.  RetinoierotJia  staeraeri  Schlbter 

48.  Proberoth a  pris ca  Krbger 

49.  Sogjuta  speciosa  Martynov 

50.  Mesosiylina  exonata  Bode 

51.  Biaosaylihs  pectiaatas  Hong 

52.  Osaylidae 

53.  Osaylidae 


Fossil  (F0SSATE  COMPLEX,  continued) 

Insect 

Locality  References 

[571  Jarzeabowski  1984 

1691  Whalley  1988 

1601  Panfilov  1968 

1571  Jarzeabowski  1984 

[521  Rasnitsyn  1988 

1831  Tillyard  1926d 

C793  Riek  1955 

C691  Whalley  1988 

[181  Hagen  1855 

[191  MacLeod  1970;  Larsson  1978 

[471  Rice  1968 

[81  Statz  1936 

C611  Carpenter  1929;  Laabkin  1988 

[191  Krfiger  1923;  MacLeod  1970 

[601  Rasnitsyn  1988 

[391  Rasnitsyn  1988 

[741  Tillyard  1922;  Riek  1956 

[643  Hong  1983 

[573  Whalley  1988 

[191  Krbger  1923;  MacLeod  1970 

[611  Adaas  1967 

[601  Adaas  1967 

C743  Tillyard  1917b 

[691  Whalley  1988 

[601  Rasnitsyn  1988 

[523  Rasnitsyn  1988 

[453  Schl  liter  1978 

[193  Larsson  1978 

[181  Jarzeabowski  1980 

[171  Schiee  6  Siockner  1978 

[151  Adaas  1967 

[83  Statz  1936 

[681  Laurentiaux  1953 

[191  Krbger  1923;  Larsson  1978 

[181  Jarzeabowski  1980 

[151  Wilson  1978a 

[793  Laabkin  1988 

[693  Whalley  1988 

[641  Hong  1983 

[181  Jarzeabowski  1980 

[553  Whalley  1980 

[453  Schlbter  1978 

[153  Krbger  1923 

[733  Hennig  1981;  Laabkin  1988 

[681  Bode  1953;  Laabkin  1988 

[641  Hong  1983 

[601  Rasnitsyn  1988 

[523  Rasnitsyn  1988 
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*<>«  Taxon  Corresnondine  to  Entry  Hun btr 

54.  fuporisiites  balli  Tillyard 

55.  Protosnylus  pictas  (Hagen) 

56.  Osnylidia  requiet  a  (Scudder) 

57.  Neurorthidae 

58.  Rhophalis  relicta  Erichson 

59.  Sisyridae 

60.  Sisyridae 

61.  Jaraconiopteryx  zherichini  Heinander 

62.  Giaesoconis  fadiacra  Hhalley 

63.  Slaesoconis  cretica  Heinander 

64.  Heaiseaidalis  sharovi  Heinander 


1162 

Fossil  (FOSSATE  COMPLEX,  continued) 

Insect 

Locality  References 

1303  Laabkin  1987 

C19]  Krftger  1923 

[151  Carpenter  1943b 

[19]  Larsson  1978 

[19]  Krftger  1923;  Keilbach  1982 

[18]  JarzeaboMski  1980 

[61  Schuaann  &  Wendt  1989 

[60]  Heinander  1975 

[55]  Hhalley  1980 

[373  Heinander  1975 

[193  Heinander  1975 


H0I1THPART  CLASS  15:  TUBSLOHAHDIMATE 
Fig.  73 


1.  Trachypacheidae:  Sogdodroneus  altus  Ponnaarenko 

2.  Syrinoides  atav«s  (Heer) 

3.  Sryinidae 

4.  Angarogyrus  aioiatts  Ponoaarenko 

5.  Syrinidae 

6.  Avitortor  prinitivus  Panoaarenko 

7.  Syrisoides  liiiatus  Hotschulsky 

8.  tineutes  insiqnis  Heer 

9.  Haliplidae 

10.  lAngaraqabus  jarassicus  Ponoaarenko 

11.  Liadytes  crassus  Ponoaarenko 

12.  Noteridae 

13.  Recronectes  Iatus  Ponoaarenko 

14.  Secrosectes  aguaticus  Ponoaarenko 

15.  Stvgeoaectes  jarassicas  Ponoaarenko 

16.  Charnoscapha  ovata  Ponoaarenko 

17.  Coptoclavidae 

18.  Actea  sphinx  Seraar 

19.  Cretodyies  latipes  Ponoaarenko 

20.  Dytiscidae 

21.  Dytiscidae 

22.  Hyphydrus,  sp. 

23.  Hydroporus  sedinentorun  Wickhaa 

24.  PaZaeogyrinus 

25.  Schistoneras  califorense  Palaer 

26.  Aff.  Agahus  sp. 

27.  Dytiscidae 

28.  Parahygrobia  naiaas  Ponoaarenko 

29.  ?Elateridae 

30.  Elateridae 

31.  Lucioia  sp. 

32.  Chauliogjiatfeus  pristxaas  Scudder 


[823  Ponoaarenko  1977b 

[723  Hatch  1927 

[Lias]  Daitriev  4  Zherikin  1988 

[60]  Ponoaarenko  1977b;  Crowson  ei  al.  1967 

[533  Jell  4  Duncan  1986 

[521  Ponoaarenko  1977b 

[193  Hatch  1927;  Larsson  1978 

[33  Heer  1862;  Hatch  1927 

[523  Daitriev  4  Zherikin  1988 

[673  Ponoaarenko  1963 

[521  Ponoaarenko  1977b;  Crowson  1981 

[Paleoc.]  Daitriev  4  Zherikin  1988 

[713  Ponoaarenko  1977b 

[673  Ponoaarenko  1977b 

[663  Ponoaarenko  1977b 

C603  Ponoaarenko  1977b 

[523  Daitriev  4  Zherikin  1988 

[613  Ponoaarenko  1971 

[523  Ponoaarenko  1977b 

[533  Jell  4  Duncan  1986 

[333  George  1952 

1193  keilbach  1982 

[153  Hickhaa  1914 

[83  Darlington  1929 

(43  Palaer  1957 

[23  Schawaller  1986 

[13  Hopkins  et  al.  1971 

[623  Ponoaarenko  1977b 

[723  Heer  1865 

[693  Hhalley  1985 

[193  Larsson  1978 

[153  Scudder  1900;  Hickhaa  1913,1914 


Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


1163 


fitry 

No. 

Taxoa  Corresmdito  to  Entry  loiter 

Fossil 

Iisect 

Locality 

(TUBULOHANDIBULATE,  continued) 

Referetces 

33. 

Pseadoplatypteras  scheelei  Kleine 

[191 

Kelt bach  1982 

34. 

Cantharidae 

[531 

Jell  l  Duncan  1986 

35. 

Calotorphocerus  ceraabyx  Schaufuss 

[19] 

Larsson  1978;  Keilbach  1982 

36. 

Silis  chiapasessis  Hittaer 

[11] 

Hittaer  1963 

37. 

Xalt bodes  sp. 

[6] 

Schuiann  6  Hendt  1989 

38. 

Cantharis  sp. 

[2] 

Schaualler  1986 

CiASS  16:  IMTII m 

Fif.  76 

1. 

Bibionidac 

[76] 

Olsen  et  a i.  1978 

2. 

Nycetophilidae:  Prodocidia  spectra  Hhalley 

[69] 

tfhalley  1985 

3. 

Cecidoayiidae 

[553 

Schlee  6  Dietrich  1970;  Gagnb  1977 

4. 

Cecidosyiidae 

[373 

Zherikin  6  Sukacheva  1973 

5. 

Cecidoayiidae:  Cretocatocb a  icaipinei  SagnA 

[353 

Gagnb  1977 

6. 

Cecidosyiidae 

[233 

Hi  Ison  1978a 

7. 

Cecidoayiidae:  Cecidoayia  conjancia  Heunier 

[193 

Heunier  1899;  Keilbach  1982 

3. 

Cecidoayiidae 

[173 

Schlee  St  Glockner  1978 

9. 

Cecidoayiidae 

[153 

Hilscn  1978a 

10. 

Cecidoayiidae:  Clinodiplosis  aff.  terrestris  (Felt) [11] 

Sagnb  1973 

11. 

Cecidoayiidae 

[81 

Statz  1944c 

12. 

Cecidoayiidae 

[63 

Schuiann  St  Hendt  1989 

13. 

Rhagionidae:  Protobrachyceron  Ziasinai  Handlirsch 

[683 

Kalugina  6  Kovalev  1985 

14. 

Rhagionidae:  Palaeobrachycerot  hennigi  Kovalev 

[673 

Kovalev  1981 

15. 

Xyloayiidae:  Kesozolva  parva  Hong 

[643 

Hong  1983 

16. 

Rhagionidae:  Palaeoptioliaa  scobloi  Kovalev 

[623 

Kovalev  1982 

17. 

Rhagionidae:  Probolboayia  lodesta  Ussatchov, 
Acroceridae:  Arcbocyrtos  gibbosus  Ussatchov, 
Neaestrinidae:  4rdiine»estrinus  taratavicas 
Rohdendorl 

[603 

Ussatchov  1968;  Rohdendorf  1968b 

18. 

Stratiaayiidae:  ‘dipterous  larva,  species  1* 

[563 

Hhalley  St  Jarzeabonski  1985 

19. 

Rhagionidae 

[573 

JarzeaboMski  1984 

20. 

Rhagionidae:  Atheriiorpha  festu ca  Jell  St  Duncan 

[533 

Jell  6  Duncan  1986 

21. 

Rhagionidae 

[373 

Zherikin  St  Sukacheva  1973 

22. 

Stratioeyiidae:  Cretaceogaster  pygiaeus  Teskey 

[353 

Teskey  1971 

23. 

Tabanidae 

[243 

Lutz  1987 

24. 

Stratiaayiidae,  Acroceridae,  ?Tabanidae 

[233 

Hi Ison  1978a 

25. 

Stratioayiidae 

[203 

De  Garcia  1983 

26. 

Xyloayiidae:  Solra  Data  (Loeu) 

[193 

Loom  1850;  Hennig  1967a 

27. 

Stratioayiidae 

[183 

JarzeaboMski  1976 

23. 

Tabanidae 

[173 

Schlee  St  Glockner  1978 

29. 

Rhagionidae,  Stratioayiidae,  Neaestriniidae, 
Tabanidae;  Rhagionidae:  Rhagio  priiaem  Theobald 

[15,133 

Thbobald  1937;  Hilson  1978a 

30. 

Stratioayiidae:  Paaygaster  antiqua  Jaaes 

[113 

Jaaes  1971 

31. 

Stratioayiidae 

[93 

Zeuner  1938 

32. 

Rhagionidae 

[63 

Schuaann  k  Hendt  1989 

33. 

Boabyliidae:  Paiaeopiatypygas  zaitzevi  Kovalev 

[653 

Kovalev  1985 

Reproduced  with  permission  of  the  copyright  owner.  Further  reproduction  prohibited  without  permission. 


Fossil 
la  sect 

Locality  Ktfernces 


1164 


Eatry 

Ho.  Taxoa  Corresioidito  to  Eatry  doaber 
34.  Protoaphralidae:  Protoip/iraie  aartyaovi  Rohdendorf  [603 


35.  Boabyliidae  £373 

36.  Asilidae  £233 

37.  Therevidae:  Slaesortbactia  aaqaicorais  Heunier,  £193 
Asilidae:  Asihs  klebsi  Heunier 

38.  Boabyliidae:  Glaiellula  iuelioei  Schldter  [173 

39.  Therevidae,  Asilidae,  Hydidae,  Boabyliidae;  [15,143 

Asilidae:  Jfacbiius  kollaansi  Tiaon-David,  133 

Boabyliidae:  Praecytherea  sard:  Theobald 

40.  Asilidae:  Protoloeaiaella  kielbacbi  Schuaann,  [63 

Boabyliidae 

41.  Eapididae:  Proteapis  antensata  Ussatchov  [603 

42.  Eapididae  [573 

43.  Eapididae:  Trichiaites  cretaceus  Hennig  [553 

44.  Eapididae:  Ecoiaocydroaia  diificilis  SchlQter  [453 

45.  Eapididae:  Eapis  orapaensis  Waters  [433 

46.  Eapididae:  Cretoplatypalpus  ardiaeus  Kovalev  [423 

47.  Eapididae  [403 

48.  Eapididae:  4rcAipIatypaipus  cretaceus  Kovalev,  [371 

DolichGpodidae:  Retiaitus  nervosus  Hegrobov 

49.  Eapididae:  ?Hicrophorinae  1353 

50.  Eapididae  [323 

51.  Bolichopodidae,  Eapididae  [243 

52.  Eapididae:  RAaip/iosyia  por recta  Heunier,  [193 

Bolichopodidae:  .Tiphaadriui  spleadidu a  Heunier 

53.  Bolichopodidae  [183 

54.  Bolichopodidae  [173 

55.  Eapididae:  Tacbydroaia  theobaldi  Tiaon-David;  [15,143 

Eapididae 

56.  Bolichopodidae,  Eapididae  [63 

57.  Platypezidae,  Sciadoceridae  [553 

58.  Sciadoceridae,  Platypezidae  [373 

59.  Phoridae:  tletopisa  goeleti  Sriaaldi  [363 

60.  Ironoayiidae:  Cretoaoayia  pristiaa  HcAlpine,  [353 

Sciadoceridae:  Sciadcphora  bostoni  HcAlpine  & 

Hartin 

61.  Platypezidae  [233 

62.  Sciadoceridae:  Arcbipbor a  robust a  (Heunier)  [193 

63.  Phoridae:  Setopiaa  sp.  [173 

64.  Platypezidae,  Phoridae  [153 

65.  Phoridae:  BoAraip/iora  poiaari  Disney  [113 

66.  Phoridae  [63 

67.  Syrphidae  [373 

68.  ?Pipunculidae  [353 

69.  Syrphidae  [323 

70.  Syrphidae  [233 

71.  Syrphidae:  Pseudospheqiaa  carpeateri  Hull  [193 


72.  Syrphidae;  Syrphidae:  Chilosia  padovaaa  Ti«on-David[15,143 


(NOUTHHOOK,  continued) 


Rohdendorf  1974 
Zaitzev  1981 

Wilson  1978a;  6rande  1980 
Heunier  1908a, 1909;  Hennig  1967c 

Schldter  1976 

Theobald  1937;  Tison-Bavid  1943; 
Wilson  1978a 

Schusann  1984;  Schuaann  &  Wendt  1989 

Ussatchov  1968 
JarzeeboMski  1984 
Hennig  1970 
Schldter  1978 
Waters  1989a 
Kovalev  1978 
Langenheia  et  a  1.  1960 
Kovalev  1974;  Negrobov  1973 

Hennig  1970 
Wilson  1978a 
Wilson  1978a 

Heunier  1907,  1908b;  Keilbach  1982 

Jarzeabowski  1976 
Schlee  6  Slockner  1978 
Tiaon-David  1943;  Wilson  1978a 

Schuaann  6  Wendt  1989 
Kovalev  1985 

Zherikin  Si  Sukacheva  1973 
6riaaldi  1989  $ 

HcAlpine  6  Hartin  1966;  HcAlpine  1973 


Wilson  1978a 

Heunier  1905;  Hennig  1964 
Sriaaldi  et  al.  1989 
Wilson  1973a 
Disney  1987 
Schuaann  &  Wendt  1989 
Kovalev  1985 
HcAlpine  It  Hartin  1969 
Wilson  1978a 
Wilson  1978a 
Hull  1957 

Tiaon-David  1943;  WilsGn  1978a 
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Taxn  Correstondino  to  Entry  Baiter 

Fossil 

Insect 

Locality 

(RQHTHH00K,  continued) 

References 

73. 

Syrphidae:  Platycheirus  per  sis  tens  Hull 

1101 

Hull  1938 

74. 

Syrphidae:  Sy rpbopsis  globtsiceps  Zeuner; 

[7,6] 

Zeuner  1931;  Schunann  tc  Wendt  1989 

75. 

Syrphidae 

Conopidae 

C551 

Hennig  1971b 

76. 

Conopidae 

1231 

Mi Ison  1978a 

77. 

Conopidae:  Palaeoiyopa  tertiari a  Heunier 

C191 

Heunier  1912;  Keilbach  1982 

78. 

Tephritidae,  Piophilidae 

[233 

Mi Ison  1978a 

79. 

Pallopteridae:  Pallopterites  electrica  Hennig, 

[191 

Hennig  1967b 

BO. 

Lonchaeidae:  Horge a  ica ipisei  Hennig 

Qtitidae,  Tephritidae,  Piophilidae 

[151 

Wilson  1978a 

81. 

Megaaerinidae:  Palaeotaaypeza  spiiosa  Heunier, 

1193 

Hennig  1965,  1969 

82. 

Hicropezidae:  Electrobata  sp. 

Diopsidae:  Prospbyracephala  succiai  Loea, 

[191 

Hennig  1965,  1969 

B3. 

Psilidae:  Electrocbyliza  saccini  Hennig 

Diopsidae:  Aft.  Prospbyracephala  or  Spbyracepbala 

[131 

Lutz  1985a 

64. 

Diopsidae:  Prosphyacephala  rubiensis  Lewis 

[ChattianlLewis  1971a 

85. 

Diopsidae 

[61 

Schuaann  6  Mendt  1989 

86. 

Laustaniidae:  ‘Loncbaea’  seaescens  Scudder 

[321 

Cockerell  1909a 

87. 

Scioayzidae,  Sepsidae,  Lauxaniidae 

[233 

Mi Ison  1978a 

38. 

Scioayzidae:  Prophaeonyia  Zoeai  Hennig 

[193 

Hennig  1965 

89. 

Scioayzidae,  Sepsidae 

[151 

Wilson  1978a 

90. 

Clusiidae:  Electroclosoides  hu niers  (Hendel) 

[193 

Hennig  1969 

91. 

Anthoayzidae:  Xenanthoiyza  larssoai  Hennig, 

[193 

Hennig  1967b,  1969 

92. 

Asteiidae:  Succiniasteia  carpenter:'  Hennig 
Periscelidae:  Periscelis  amectans  Sturtevant 

[111 

Sturtevant  1963 

93. 

?Heleoayzidae 

[233 

Wilson  1978a 

94. 

Cryptochaetidae:  Pbaaerochaetun  tuxeai  Hennig 

[193 

Hennig  1969 

95. 

Agroayzidae,  Heleoayzidae,  Lauxaniidae, 

[15,143 

Tiaon-David  1943;  Wilson  1978a 

96. 

Heleoayzidae:  Heloayza  iagei  Tiaon-David 
?Chloropidae 

[353 

Kovalev  1985 

97. 

Chloropidae:  Protosciaella  electrica  Hennig, 

C193 

Hennig  1969,  1972a 

98. 

Carnidae:  Heoaeurites  eaigaatica  Hennig 
Chloropidae:  ifippeiaies  brodiei  Cockerell 

[183 

Cockerell  1916b 

99. 

?Hilichiidae 

[363 

Sriaaldi  et  al.  1989 

100. 

Diastatidae:  Pareathychaeta  electrica  Hennig, 

[193 

Hennig  1967b,  1971b 

101. 

Hilichiidae:  'PhyiZoiyza*  Jaegeri  Hennig 
Drosophilidae:  Chyioiyza  priiaera  Sriaaldi 

[173 

Sriaaldi  1987 

102. 

Drosophilidae:  deotanygastreZia  nheeleri  Sriaaldi 

[113 

Sriaaldi  1987 

103. 

Calliphoridae:  Cretaphonia  fouler i  HcAlpine 

[353 

HcAlpine  1970 

104. 

Oestridae 

[323 

Wilson  1978a 

105. 

Huscidae,  Tachinidae,  Oestridae,  81ossinidae, 

[233 

Wilson  1978a 

106. 

Anthoayiidae 

Huscidae:  Fannia  scalaris  Fabricius, 

[193 

Keilbach  1982 

107. 

Tachinidae:  Tachiaa  sp. 

Anthoiyiidae,  Glossinidae,  Huscidae,  Tachinidae, 

[153 

Wilson  1978a 

108. 

Oestridae 

Hippoboscidae:  Oraithoaya  rotteasis  (Statz) 

[83 

Haa  1966 
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Ft  try 
Ho. 

7am  Corresiotdm  to  Ettry  Hut  her 

Fossil 

Iasect 

Locality 

Heieretces 

1. 

flrchaeolepidae:  4rdiaeoJepis  ian«  tihalley 

[691 

Hhalley  1985,  1986 

2. 

Electralberta  cretacica  Botosaneanu  4  Nichard 

[351 

Botosaneanu  6  Hichard  1983 

3. 

Psychoayiidae 

[341 

Holbert  et  al.  1988 

4. 

Arcbaeotiaodes  lanceolata  Ulaer 

[191 

Keilbach  1982 

5. 

Hydropsyche  subiaculata  Kolenati 

[191 

Keilbach  1982 

6. 

Leptoseaa  sp. 

[171 

Hichard  1987 

7. 

Hydropsychidae 

[151 

Hilson  1978a 

8. 

4rcbaeopoJyce»tra  ziierittiiai  Botosaneanu  &  Hichard  [371 

Botosaneanu  &  Hichard  1983 

9. 

Millopsycfce  sp. 

C171 

Hichard  1987 

to. 

PrephiZopotaaus  asiaticus  Sukacheva 

[821 

Sukacheva  1973 

It. 

Philopotaaidae 

[371 

Botosaneanu  It  Hichard  1983 

12. 

Chiiarra  succiiii  Hichard 

[171 

Hichard  1983 

13. 

Kecrotaulius  proxiaus  Sukacheva 

[701 

Sukacheva  1973 

14. 

flecroiauliu;  largiaatus  Bode 

[681 

Bode  1953 

15. 

fiecrotau2ius  iascialatus  Hong 

[641 

Hong  1983 

16. 

Xarataulius  aeternas  Sukacheva 

[601 

Sukacheva  1968b 

17. 

Rhyacophilidae 

[L.  Jural 

Daitriev  4  Zherikin  1988 

18. 

Rbyacc-pbila  antiguissiia  Botosaneanu  &  Hichard 

[371 

Botosaneanu  4  Hichard  1983 

19. 

Rhyacopbila  tutscberi  Hey 

[191 

Hey  1988 

20. 

Slossosooatidae 

[193 

Daitriev  4  Zherikin  1988 

21. 

Caapsiophora  sp. 

[171 

Hichard  1987 

22. 

Paiaeobydrobiosis  siberaabra  (Botosaneanu  & 

[371 

Botosaneanu  4  Hichard  1932 

23. 

Hichard 

Hydroptilidae 

[371 

Daitriev  4  Zherikin  1988 

24. 

Hydroptiiidae 

£231 

Hilson  1978a 

25. 

Aqrayiea  spatbifera  Ulaer 

[193 

Larsson  1978;  Keilbach  1982 

26. 

diisotrichia  sp. 

[171 

Hichard  1987 

27. 

Hydroptilidae 

[153 

Hilson  1978a 

28. 

Prorhyacophila  furcata  Sukacheva 

[701 

Sukacheva  1973 

29. 

flysoneura  tn'furcata  Sukacheva 

[601 

Sukacheva  1968b 

30. 

Baissopbryganoides  lonstruosus  Sukacheva 

£521 

Sukacheva  1968a 

31. 

Phryganeidae 

£153 

Hilson  1978a 

32. 

Phr yganea  lavroshini  Cockerell 

[121 

Cockerell  1925a 

33. 

8a issoierus  I at us  Sukacheva 

£523 

Sukacheva  1968a 

34. 

Lepidosoaatidae 

£191 

Daitriev  4  Zherikin  1988 

35. 

Lianephilidae 

£153 

Hilson  1978a 

36. 

timphiius  recultus  Cockerell 

[123 

Cockerell  1925a 

37. 

Ooera  gracilicoms  Ulaer 

C191 

Keilbach  1982 

38. 

Brachyceatras  labialis  Hagen 

£193 

Pictet-Baraban  4  Hagen  1856;  Keilbach 

39. 

Vitiaotaulidae 

£601 

1982 

Rasnitsyn  1988 

40. 

Kitiiotaulius  legibilis  Sukacheva 

£521 

Sukacheva  1968a 

41. 

Seraeodes  pectiiata  Ulaer 

£191 

Keilbach  1982 

42. 

Sericostoaatidae 

£371 

Zherikin  4  Sukacheva  1973 

43. 

drachaeocruaoecia  valdiconis  Ulaer 

£191 

Keilbach  1982 
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Eatry 

Insect 

k± 

Taxon  Corresponding  to  Entry  danber 

Locality 

deferences 

44. 

Sericostoaatidae 

1151 

Hi Ison  1978a 

45. 

Odontoceridae 

[151 

Hilson  1978a 

46. 

Holanna  crassicornis  Ulaer 

[193 

Larsson  1978;  Keilbach  1982 

47. 

Helicopsychidae 

[193 

Dnitriev  4  Zherikin  1988 

48. 

Helicopsyche  sp. 

[173 

Hichard  1987 

49. 

lOcetis  sp. 

[533 

Jell  6  Duncan  1986 

50. 

Praeathripsodes  jantar  Botosaneanu  4  Hichard 

1373 

Botosaneanu  It  Hichard  1983 

51. 

Kectopsyche  sp. 

[173 

Hichard  1983 

52. 

Leptoceridae 

[153 

Hilson  1978a 

53. 

Calaaoceratidae 

[533 

Jell  It  Duncan  1986 

54. 

Rhabdcceras  fuscuius  Ulner 

[193 

Larsson  1978;  Keilbach  1982 

4 

X  i 

IIOBTHPm  CLJISS  18:  LABELLATE 
Fig.  82 

Unnaaed  family:  Tarain fa  australis  Jell  4  Duncan  [531 

Jell  §  Duncan  1986 

n 

1 1 

Cyclochorista  coarexicosta  Martynova 

[973 

Martynova  1958,  1961 

3. 

Pemochsrista  ausiralica  Till  yard 

[833 

Tillyard  1926b 

4. 

Afrisiell a  deiicatuia  Risk 

[783 

Riek  1974 

5. 

itesopanorpa  unbrata  Martynov 

[713 

Martynov  1937a 

6. 

/fesopascrpa  luaapingensis  Hong 

[643 

Hong  1983 

7. 

tfesopanorpa  sp. 

[573 

JarzeaboKski  1984 

8. 

Prochoristeila  leonqatba  Jell  &  Duncan 

[533 

Jell  It  Duncan  1936 

9. 

Protoneropeidae:  Altajopaaorpa  piles a  Martynova 

[973 

Martynova  1959 

10. 

Dictycdipteridae:  Bictyodiptara  nultiaervis 

C733 

Rohdendorf  1961,  1974 

11. 

Rohdendorf 

Tipulidae 

[763 

Olsen  et  ai.  1978 

12. 

Tipulidae:  TipuJoidea  rbaetica  Hieland 

[Horian! 

Hieland  1325 

13. 

Tipulidae:  Sictyotipuia  dens a  Rohdendorf 

[733 

Rohdendorf  1962,  1974 

14. 

Tipulidae:  jlrchitfpaZa  staples  Handlirsch 

[683 

Handlirsch  1939 

15. 

Trichoceridae:  Eotrickera  christinae  Kalugina 

[663 

Kalugina  It  Kovalev  1985 

16. 

Tipulidae:  Eoiipulina  fuiosa  Kalugina 

[653 

Kalugina  4  Kovalev  1985 

17. 

Tipulidae:  Sisoiipula  huabeinensis  Hong 

[643 

Hong  1983 

18. 

Trichoceridae:  Kailotrichocera  jurassica  Kalugina 

[623 

Kalugina  4  Kovalev  1985 

19. 

Tipulidae:  Liaoniinae 

[603 

Rasnitsyn  1988 

20. 

Tipulidae:  Ccrethriua  partinax  HestNOod 

[593 

Hestwood  1854;  Rohdendorf  1974 

21. 

Tipulidae:  ftf f .  Gynoplistia 

[573 

Jarzeabosski  1984 

22. 

Tipulidae:  Lononiinae 

[533 

Jell  4  Duncan  1986 

23. 

Trichoceridae 

[523 

Rasnitsyn  1988 

24. 

Tipulidae:  Liaoniinae 

[423 

Rasnitsyn  1988 

25. 

Tipulidae 

[373 

Zherikin  4  Sukacheva  1973 

26. 

Tipulidae:  Linnopbila  sp. 

[323 

Mitchell  4  Highton  1979 

27. 

Tipulidae 

[24,233 

Hilson  1978a;  Lutz  1987 

28. 

Trichoceridae:  Oligctricbocera  antiqua  Keilbach 

[193 

Keilbach  1982 

29. 

Tipulidae:  Tipula  linifernis  Cockerell 

[183 

Cockerell  1916b 

30. 

Tipulidae 

[173 

Schlee  4  Slockner  1978 

31. 

Tipulidae:  Tipol a  aifiaiteae  Melander 

[153 

Melander  1949 
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Eatry 
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Taxoa  Correspoadiao  to  Eatry  Kg aber 

Fossil 

lasect 

Locality 

(LABELLATE,  continued) 

Refer eaces 

32. 

Tipulidae;  Tipulidae:  Tipul a  carpenter:  Alexander 

[11,101 

Alexander  1938;  Alexander  A  Byers  1981 

33. 

Trichoceridae:  Trichocera  sp. 

[61 

Schuiann  6  Nendt  1989 

34. 

Trichoceridae:  Trichocera  sp. 

[61 

Schuiann  &  Nendt  1989 

35. 

Blepharoceridae 

[421 

Rasnitsyn  1988 

36. 

Praeiacroc/iile  stackelberqi  Kalugina 

[661 

Kalugina  It  Kovalev  1985 

37. 

Tanyderidae 

[601 

Rasnitsyn  1988 

33. 

Kacrocbile  spectna  Loe* 

[191 

Loett  1851;  Craapton  1926 

33. 

Eoliaaobia  qeiaitzi  Handlirsch 

[681 

Handlirsch  1908;  Rohdendorf  1974 

40. 

Eoptychopteridae: 

[601 

Rasnitsyn  1988 

41. 

Bolboi a  lira  Kalugina 

[581 

Kalugina  1939 

42. 

Eoptychopteridae 

[521 

Rasnitsyn  1988 

43. 

Ptychoptera  aesozoica  Kalugina 

[521 

Kalugina  1989 

44. 

Ptychopteridae 

[321 

Wilson  1978a 

45. 

Bittacoaorphella  aiocaenica 

[151 

Alexander  1981c 

46. 

Ptychoptera  deleta  Novak 

[81 

Alexander  1981c 

47. 

Psychodidae:  ffesopsychoda  dasyptera  Brauer, 

[673 

Brauer  et  a  1.  1389 

48. 

Redtenbacher  6  Sanglbauer 

Chironoaidae:  Architendipes  tschnersovskii 

£731 

Rohdendorf  1974 

49. 

Rohdendorf 

Paraxsyiidae 

[Lias! 

Bnitriev  4  Iherikin  1988 

50. 

Protolb ioqaster  rhaetic a  Rohdendorf 

[731 

Rohdendorf  1974 

51. 

Protopleci a  liasina  (Seinitz) 

[681 

Seinitz  1884;  Peterson  1975 

52. 

Archiplecioaiaa  haqiconis 

[661 

Kalugina  6  Kovalev  1985 

53. 

Besoplecia  jarassica  Rohdendorf 

[601 

Rohdendorf  1938 

54. 

Siaulidiua  pris cui  Nestsood 

[591 

Nestaood  1854;  Rohdendorf  1974 

55. 

Protopleci idae 

[521 

Daitriev  4  Zherikin  1988 

56. 

Bibionidae 

[763 

Olsen  et  al.  1978 

57. 

?Bibionidae:  Beipiaoplecia  aalleforais  Lin 

[641 

Lin  1976 

53. 

Bibionidae 

[521 

Rasnitsyn  1988 

59. 

Bibionidae 

[431 

fiayner  1987 

60. 

?Bibionidae 

[371 

Zherikin  4  Sukacheva  1973 

61. 

Bibionidae 

[351 

HcAlpine  4  Hartin  1969 

62. 

Bibionidae 

[323  , 

Nil  son  1978a 

63. 

Bibionidae 

[232 

Nil  son  1978a 

64. 

Plecia  crassiconis  Loew 

[191 

LoeH  1850;  Keilbach  1982 

65. 

Bibiodites  cos fiueits  Cockerell 

[182 

Cockerell  1916b 

66. 

Besperiaus  iaautabilis  Nelander;  Bibio  spedabilis  [15,131 

ThAobald  1937;  Nelander  1949 

67. 

Theobald 

Plecia  aaagaa  Cockerell;  Plecia  pristha  Hardy 

[12,111 

Cockerell  1925a;  Hardy  1971 

68. 

Bibio  sticheli  Handlirsch 

[91 

Handlirsch  1908;  Zeuner  1938 

69. 

Rhaetoiuaqivora  reticulata  Rohdendorf 

[731 

Rohdendorf  1962 

70. 

Rohdeadorfoayiella  incorporalis  Kovalev 

[662 

Kalugina  4  Kovalev  1985 

71. 

Bryanka  eleqaaiissiaa  Kovalev 

[652 

Kalugina  4  Kovalev  1985 

72. 

Niiiiheasigia  curtipes  Kovalev 

[622 

Kalugina  4  Kovalev  1985 

73. 

Pleciofungivoridae 

[602 

Rasnitsyn  1988 

74. 

Pieciofungivoridae 

[521 

Rasnitsyn  1938 

75. 

Hyperoscleidae:  Probyperoscelis  jurassicas  Kovalev  [651 

Kalugina  4  Kovalev  1985 

76. 

Prodociiia  spectra  Nhalley 

[692 

Nhalley  1985 
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77. 

Sciophi linae 

[571 

Whatley  1985 

78. 

Pseudalysiinii  fragaiata  Jell  &  Duncan 

[531 

Jell  6  Duncan  1986 

79. 

Hycetophilidae 

[523 

Rasnitsyn  1988 

80. 

Schlaitiriayia  cenoiasica  Mile 

[451 

Hatile  1981 

81. 

Hycetophilidae 

[421 

Rasnitsyn  1988 

82. 

Hycetophilidae 

[373 

Zherikin  &  Sukacheva  1973 

83. 

Hycetophilidae 

[363 

Griaaldi  it  al.  1989 

84. 

Sciophi linae 

[353 

HcAlpine  It  Hartin  1969 

85. 

Hycetophilidae 

[323 

Wilson  1978a 

86. 

Hycetophilidae 

[233 

Wilson  1978a 

87. 

Hycetophila  antessata  (Loen) 

[193 

Loe*  t850;  Keilbach  1982 

88. 

Hycetophila  vecteasis  Cockerell 

[183 

Cockerell  1916b 

89. 

Proceroplatus  hiaaigi  SchaalTuss 

[173 

Schaaltuss  1979;  Keilbach  1982 

90. 

Exechia  priscula  Kelander 

[153 

Helander  1949 

91. 

Hycetophilidae 

[83 

Statz  1944a 

92. 

Hycetophilidae 

[63 

Schuaann  4  Wendt  1989 

93. 

Sciaridae 

[553 

Sriaaldi  it  al.  1989 

94. 

Sciaridae 

[523 

Rasnitsyn  1988 

95, 

Sciaridae 

C423 

Rasnitsyn  1988 

96. 

Sciara  ct.  deflectuosa  Heuniar 

[363 

Sriaaldi  it  al.  1989 

97. 

Sciaridae 

[373 

HcAlpine  5  Hartin  1969 

98. 

Sciaridae 

[323 

Wilson  1978a 

99. 

Sciara  sp. 

[233 

Wilson  1978a 

100. 

Heterotricha  hirta  (Loea) 

[193 

Loew  1850;  Keilbach  1982 

101. 

Sciara  gurnetensis  Cockerell 

[183 

Cockerell  1916b 

102. 

Sciaridae 

[173 

Baroni-Urbani  &  Saunders  1982 

103. 

Sciara  sopora  Helanderj  Sciara  sp. 

[15,133 

Thbobald  1937;  Helander  1949 

104. 

Sciara  aeylaadi  Statz 

[83 

Statz  1944c 

105. 

Sciaridae 

[63 

Schuaann  4  Wendt  1989 

106. 

Cecidoayiidae 

[553 

Schlee  4  Dietrich  1970;  Gagnb  1973 

107. 

Cecidoayiidae 

[373 

Zherikin  4  Sukacheva 

108. 

Creiocatocha  lcaipioei  GagnO 

[353 

Gagnb  1977 

109. 

Cecidoayiidae 

[233 

Wilson  1978a;  Grande  1980 

110. 

Cecidoiyia  conjuncta  Heuniar 

[193 

Heunier  1899b;  Keilbach  1982 

111. 

Cecidoayiidae 

[171 

Schlee  4  Slockner  1978 

112. 

Cecidoayiidae 

[153 

Wilson  1978a 

113. 

Cliaodipiosi?  aff .  terristris  [Felt) 

[111 

Sagnb  1973 

114. 

Cecidoayiidae 

[83 

Statz  1944a 

115. 

Cecidoayiidae 

[63 

Schuaann  4  Wendt  1989 

116. 

Xylophagidae 

[423 

Rasnitsyn  1988 

117. 

Xylopkagus  arid anus  Heunier 

[193 

Heunier  1909;  Keilbach  1982 

118. 

Stratioayiidae:  "dipterous  larva,  species  1* 

[563 

Whalley  4  JarzeabOHski  1935 

119. 

Cntogaster  pygaaeus  Teskey 

[353 

Teskey  1971 

120. 

Stratioayiidae 

[233 

Wilson  1978a;  Grande  1980 

121. 

Stratioayiidae 

[203 

De  Garcia  1983 

122. 

Wbacicerus  ioraosus  <Loet») 

[193 

Loe*  1850;  Keilbach  1982 

123. 

Stratioayiidae 

[183 

Jarzeaboaski  1976 

124. 

Stratioayiidae 

[153 

Wilson  1987a 
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fatry 

Ho.  Taxoa  Corresmdiio  to  Eatry  Huaber 

125.  Pachygaster  astiqua  Jaaes 

126.  Stratioayiidae 

127.  Jlrchocyrtus  gibbosus  Ussatchov 

128.  Wrotohiraoaeura  jarassica  Handlirsch 

129.  drchiaeiestriaus  karatavicus  Rohdendorf 

130.  Neaestriniidae 

131.  Hinoaeura  aillistoai  (Cockerell) 

132.  Keaestriaa  reticulata  Latreille 

133.  Tabanidae 

134.  ?flthericidae 

135.  Protobraciyceron  iiasisua  Handlirsch 

136.  Boabyliidae:  Paiaeopfatypygus  zaitzevi  Kovalev 

137.  Proteapis  aatennata  Ussatchov 

138.  Doiichopodidae 

139.  Doiichopodidae 

140.  Xipbaadrxui  splandidtit  Heunier 

141.  Doiichopodidae 

142.  Doiichopodidae 

143.  Sciopus  coibaluzieri  Tiaon-David 

144.  Doiichopodidae 

145.  Platypezidae,  Sciadoceridae 

146.  Sciadoceridae,  Platypezidae 

147.  Phoridae:  Jfetopina  goeleti  Briaaldi 

148.  Sciadoceridae:  Sciadop/iora  bostoai  HcAlpine  6 
Martin 

149.  Platypezidae 

150.  Sciadoceridae:  4rdiiphora  robusta  Heunier 

151.  Phoridae:  Hetopiaa  sp. 

152.  Platypezidae,  Phoridae 

153.  Phoridae:  Dohrnip/iora  poinari  Disney 

154.  Phoridae 

155.  Syrphidae 

156.  ?Pipunculidae 

157.  Syrphidae 

158.  Syrphidae 

159.  Syrphidae:  Pseudospbegiaa  carpenteri  Hull 

160.  Syrphidae:  Cbilosia  padovana  Tiaon-David 

161.  Syrphidae:  Platycheirus  persistans  Hull 

162.  Syrphidae:  Syrphopsis  globosiceps  Zeuner; 
Syrphidae 

163.  Conopidae 

164.  Conopidae 

165.  Conopidae:  Paiaeciyopa  iertiaria  Heunier 

166.  Tephritidae,  Piophilidae 

167.  Pall opt eridae:  Pallopterites  electrica  Hennig 
Lonchaeidae:  Horgea  icaipinei  Hennig 

168.  Otitidae,  Tephritidae,  Piophilidae 


Fossil  (LflBELLATE,  continued) 

Iascct 

Locality  Reftreices 

[113  Jaues  1971 

[93  Zeuner  1938 

[603  Ussatchov  1968 

[613  Handlirsch  1906 

[603  Rohdendorf  1968b 

[523  Rasnitsyn  1988 

[153  Cockerell  1910;  Bequaert  4  Carpenter 

1936 

[133  Bequaert  6  Carpenter  1936 

[243  Lutz  1987 

[243  lutz  1987 

[683  Handlirsch  1908 

(653  Kalugina  6  Kovalev  1985 

[603  Ussatchov  1968 

[373  Daitriev  4  Zherikin  1988 

[233  Hi Ison  1978a 

[193  Heunier  1907;  Keilbach  1982 

[183  Jarzeabcxski  1976 

[173  Schlee  4  Glockner  1978 

[143  Tiaon-David  1943 

[63  Schuaann  4  Hendt  1989 

[553  Kovalev  1985 

[373  Zherikin  4  Sukacheva  1973 

[363  Briaaldi  1989 

[353  HcAlpine  4  Hartin  1966 

[233  Hi  Ison  1978a;  Grande  1980 

[193  Heunier  1905b;  Hennig  1964 

[173  Griaaldi  1989 

[153  Hilson  1978a 

[113  Disney  1987 

[63  Schuaann  4  Hendt  1989 

[373  Kovalev  1985 

[373  HcAlpine  4  Hartin  1969 

[323  Hilson  1978a 

[233  Hilson  1978a;  Grande  1980 

[193  Hull  1957 

[143.  Tiaon-David  1943 

[103  Hull  1938 

[7,63  Zeuner  1931;  Schuaann  4  Hendt  1989 

[553  Hennig  1971a 

[233  Hilson  1978a;  Grande  1980 

[193  Heunier  1912;  Keilbach  1982 

[233  Hilson  1978a;  Grande  1980 

[193  Hennig  1967b,  1969 

[153  Hilson  1978a 
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Fossil 

(LABELLATE,  continued) 

Entry 

la sect 

#0. 

Tun  Correspoadiao  to  Eatrv  lather 

Local iti 

Reiereaces 

169. 

Hegauerinidae:  Paiaeotaaypeza  spftosa  Heunier, 
Hicropezidae:  Electrobata  sp. 

1193 

Hennig  1965,  1969 

170. 

Diopsidae:  Prosphyracephala  succiaf  Loex, 

Psilidae:  Electrochyliza  succini  Hennig 

C193 

Hennig  1965,  1969 

171. 

Diopsidae:  Af f .  Prosphyracephala  or  Sphyracepbala 

C 131 

Lutz  1985a 

172. 

Diopsidae:  Prosphyracephala  rubietsis  Lexis 

[ChattianlLexis  1971 

173. 

Diopsidae 

163 

Schunann  &  Hendt  19B9 

174. 

Lauxaniidae:  ’lochaea*  senesceas  Scudder 

C323 

Cockerell  1909a 

175. 

Scioayzidae,  Sepsidae,  Lauxaniidae 

[233 

Hilson  1978a;  Grande  1980 

176. 

Scioayzidae:  Propbaeotyia  Ioeai  Hennig 

C193 

Hennig  1965 

177. 

Sepsidae,  Scioayzidae 

[153 

Hilson  1978a 

178. 

Clusiidae:  Eiectrodusoides  leunieri  Mendel) 

[193 

Hennig  1969 

179. 

flnthoayzidae:  Xeaaatho ayza  iarssoni  Hennig, 
Asteidae:  Succiaiasteia  carpeateri  Hennig 

[193 

Hennig  1967b,  1969 

180. 

Periscelidae:  Perisceiis  aanectaas  Sturtevant 

C113 

Sturtevant  1963 

181. 

Heleoeyzidae 

[233 

Hilson  1978a;  Brande  1980 

182. 

Cryptochaetidae:  Phaaerochaetua  taxeni  Hennig 

[193 

Hennig  1969 

183. 

Agroayzidae,  Heieosyzidae,  Lauxaniidae 

[153 

Hilson  1978a 

134. 

?Chlorcpidae 

[353 

Kovalev  1985 

185. 

Chloropidae:  Protosciaella  electrica  Hennig, 
Carnidae:  fleoneurites  esigiaiica  Hennig 

C193 

Hennig  1969,  1972a 

186. 

Chloropidae:  Hippelates  brodiei  Cockerell 

[183 

Cockerell  1916b 

187. 

?Nilichiidae 

[363 

Sriaaldi  ei  a 1.  1989 

138. 

Diastatidae:  Pareuthychaeta  electric a  Hennig, 
Hilichiidae:  * Pbylloayza *  jaegeri  Hennig 

[193 

Hennig  1967,  1971b 

189. 

Drosophilidae:  Cbyioiyza  priiaeva  Sriaaldi 

[173 

Britaldi  1987 

190. 

Drosophilidae:  Pbylloayza  hard!  Sabroski 

[113 

Sabroski  1963 

191. 

Calliphoridae:  Cretaphoraia  fonleri  HcAlpine 

[353 

HcAlpine  1970 

192. 

Oestridae 

[323 

Hilson  1978a 

193. 

Huscidae,  Oestridae,  Anthoayiidae 

[233 

Hilson  1978a;  Grande  1980 

194. 

Huscidae:  fanaia  scalar  is  Fabricius 

[193 

Keilbach  1982 

195. 

Anthoayiidae,  Huscidae,  Oestridae 

[153 

Hilson  1978a 

196. 

Slossinidae 

[233 

Hilson  1978a;  Brande  1980 

R01ITHPART  CLASS  19:  SIPHBRATE 

Fig.  85 

1. 

Philopotaaidae:  ProphiZopotaaus  asiaticus 

[823 

Sukacheva  1973 

Sukacheva 

2. 

Eolepidopterygidae 

[?673 

Rasnitsyn  1988 

3. 

Eolepidopterygidae:  Eolepidopteryx  jarassica 

[603 

Rasnitsyn  1983a,  Hhalley  1986 

4. 

Eolepidopterygidae:  Baiopteryx  rasnitsyai  Skalski 

[523 

Skalski  1984b;  Hhaliey  1986 

5. 

Archaeolepidae:  rfrchaeoiepi?  taae  Hhalley 

[693 

Hhalley  1985,  1986 

6. 

Hicropterygidae:  Parasabatiaca  aftiaacrai  Hhalley 

[553 

Hhalley  1977,  1986 

7. 

Hicropterygidae:  Paiaeosabatiaca  zherichiti  Kozlov  [523 

Kozlov  1988b 

8. 

?Hicropterygidae 

[453 

Schlftter  1975,  1978;  Hhalley  1986 

9. 

Hicropterygidae:  Kicropteryx  iaaeasipalpa  Kusnezov  [193 

Kusnezov  1941;  Kozlov  1988b 
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Eitry 

fa. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 


27. 

28. 


Taxoi  Corresmdim  to  Eitry  falter 
Nicropterygidae 

Undopterygidae:  ilsdopteryx  suikatsftevi  Skalski 

Lophocoronidae 

Hepialidae:  Prohepialus  sp. 

Hepialidae 

Hepialidae:  Profiepialus  sp. 

Incurvariidae 

?Nepticulidae:  Stiqaellites ,  leaf-aines 
Nepticulidae:  ?8epti cula  sp. 

Incurvariidae:  4deia  kuzietzovi  Kozlov 
?Bracillariidae:  Bucculatrix  platani  (Kozlov) 
?Noctuidae,  egg 
Ti neoidea,  caterpillar 
Heterocera 

?Nocutidae:  Palaeochiropterix  tupaiodon  Revilliod 
Papilionidae:  Praepapilio  gracilis  Durden  &  Rose, 
Lycaenidae:  Riodinella  jyipba  Durden  4  Rose 
Pyralidae:  Slendotri cha  olqae  Kusnezov, 
Eucosaidae:  Electresia  zalesskii  Kusnezov, 
Tortricidae:  Tortricidrosis  inclusa  Skalski 
Lycaenidae:  Aquisexiaaa  ireitai  Theobald 
Zygaenidae:  Zygaena  liocaenica  Reiss 


1172 

fossil  (S1PH0KATE,  continued) 

Insect 

locality  Refereices 

[Miocene]  Kozlov  1988b 
[371  Skalski  1979a;  dhalley  1986 
[371  Skalski  1979b;  Kozlov  1988b 
[273  Piton  1940;  Kozlov  1988b 
[Priabonl  Harris  1984 
[1B3  JarzeaboMski  1980 
[553  dhalley  1987;  Hennig  1981 

[393  Kozlov  1987,  1988b 

[293  Crane  &  Jarzeabouski  1980;  Kozlov 

1988b 

[193  Kozlov  1987,  1988b 

[393  Kozlov  1988b 

[Caapan.3  Sail  4  TiHney  1983 
[351  HacKay  1970;  Whalley  1986 

[183  Lutz  1987 

[243  Lutz  1987 

[233  Durden  4  Rose  1978;  Kozlov  1988b 

[193  Kusnezov  1941;  Larsson  1978;  Keilbacb 

1982;  Kozlov  1988b 

[133  Theobald  1937 

[23  Reiss  1936;  Nausann  1987 


A0I1THPART  CLASS  26:  SlPmomdlBIILATE 
Fif,  88 


1. 

Meloidae  larva  (subianily  indeterainate! 

[193 

Larsson  1978;  Keilbach  1982 

2. 

Tetraonyx  linuscuJa  dickhaa  (subfaaily  indet.) 

[153 

dickhaa  1914;  Wilson  1978a 

■y 

o« 

Aacratia  succinea  Abdullah 

[193 

Abdullah  1965;  Keilbach  1982 

4. 

Lithoaacratria  tirabilis  dickhaa 

[153 

dickhaa  1914;  dilson  1978a 

5. 

Anthicidae  * 

[63 

Schuaann  4  dendt  1989 

6. 

Praeiordeila  lartyaovi  Scegoleva-Barovskaya 

[603 

Scegoleva-Barovskaya  1929;  Crosson 
1981 

7. 

Hordellidae 

[533 

Jell  4  Duncan  1986 

8. 

Hordellidae 

[233 

dilson  1978a;  Srande  1980 

9. 

Horde  11  a  inclusa  Seraar 

[193 

Seraar  1813;  Keilbach  1982 

10. 

Tcioxia  inuadata  dickhaa 

[153 

dickhaa  1914;  dilson  1973a 

11. 

Anaspis  sp. 

[63 

Schuaann  4  dendt  1989 

12. 

Rhipiphoridae 

[233 

dilson  1978a;  Srande  1980 

13. 

Rhipidius  priaordalis  Stein 

[193 

Stein  1877;  Keilbach  1982 

14. 

Rhipiphoridae 

[153 

dilson  1978a;  Srande  1980 
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KmW/UtT  CUSS  21:  6L0SSRTE 
Fig.  91 


fitry 

Fossil 

Used 

jto. 

Taxon  Correspond: no  to  Entry  Hut ber 

Locality 

References 

1. 

Bethyloid,  -faaily  indeterminate 

[531 

Jell  It  Duncan  1986 

2. 

Tiphiidae 

[373 

Zherikin  It  Sukacheva  1973 

3. 

Poapilidae:  PoipiJioptem  ciiiatus  Rasnitsyn 

[523 

Rasnitsyn  1975 

4. 

Foraicidae 

[553 

Hennig  1981 

5. 

Angarospbex  ayriicopterus  Rasnitsyn 

[523 

Rasnitsyn  1975 

6. 

Scoiia  sp. 

[193 

Larsson  1978 

7. 

Scoiia  sp. 

C153 

Handlirsch  1908 

8. 

Scoliidae 

[83 

Rasnitsyn  1980 

9. 

tlasaridae 

[523 

Rasnitsyn  1988 

10. 

Hasaridae 

[393 

Rasnitsyn  1988 

11. 

Curioves pa  »agna  Rasnitsyn 

[393 

Rasnitsyn  1975 

12. 

Eunenes  projaponi ca  Piton 

[273 

Piton  1940 

13. 

Odynerus  aiiaatiae  Cockerell;  Odynerus  oligopu nc- 
tatus  Theobald 

[15,133 

Cockerell  1906a;  Thiobaid  1937 

14. 

4iastor  rottensz's  Statz 

[83 

Statz  1936 

15. 

Vespidae 

[323 

Wilson  1978a 

16. 

Palaeovespa  balti ca  Cockerell 

[193 

Burnhaa  1978 

17. 

Palaeovespa  florissanta  Cockerell 

[153 

Cockerell  1906a;  Thbobald  1937 

18. 

kespa  nigra  Statz 

[83 

Statz  1936 

19. 

Ba issodes  robustus  Rasnitsyn 

[523 

Rasnitsyn  1975 

20. 

Cretavus  sibiricus 

[393 

Sharov  1957a;  Rasnitsyn  1975 

21. 

Proionutilla  deatata  Bischoff 

[193 

Bischoit  1915;  Keilbach  1982 

22. 

Sapyga  sp. 

[193 

Larsson  1978 

23. 

4rc/iisphex  croasosi  Evans 

[573 

Evans  1969 

24. 

PeaphredGninae 

[533 

Jell  &  Duncan  1986 

25. 

Creiosphex  iacertus  Rasnitsyn 

[523 

Rasnitsyn  1975 

26. 

Saiiosphex  cretaceus  SchlOter 

[453 

Schl&ter  1978 

27. 

Sphecidae;  Taiayrispbex  prist inus  Evans 

[39,373 

Evans  1973;  Rasnitsyn  1988 

28. 

Lisponeaa  siaguiaris  Evans 

[353 

Evans  1969 

29. 

Crabo  succiaaiis  Cockerell 

[193 

Cockerell  1909e;  Keilbach  1982 

30. 

Passaloeois  scudderi  Cockerell 

[153 

Cockerell  1906a;  Wilson  1978a 

31. 

Sphecidae 

[83 

Bohart  &  henke  1976 

32. 

Sphex  bischofii  leaner 

[73 

Zeuner  1931 

33. 

Passaioecus  aaaax  Sorg 

[63 

Sorg  1986 

34. 

Halictus  scudderiellus  Cockerell 

[153 

Cockerell  1906b;  Wilson  1978a 

35. 

Ostia  aatigua  Heer 

[33 

Burnhaa  1978 

36. 

4adreaa  urisleyi  Salt 

[193 

Salt  1931 

37. 

4adreaa  grandipes  Cockerell 

[153 

Cockerell  1906b 

38. 

4adreaa  priaaeva  Cockerell 

[33 

Burnhaa  1978 

39. 

folitta  tillardi  Cockerell 

[193 

Burnhaa  1978 

40. 

4atbidiui  ex/iuiatui  Cockerell 

[153 

Burnhaa  1978 

41. 

Jfegacbiie  aiagueasis  Cockerell 

[123 

Cockerell  1925a 

42. 

datbidiui  aortau*  (Heunier) 

[B3 

Burnhaa  1978 

43. 

4#thopbora  telfordi  Cockerell;  Tetralonia 
berlandi  Theobald 

[15,133 

Burnhaa  1978 
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Fossil 

(6U3SSATE,  continued) 

Entry 

Used 

Ho. 

Taxon  Corresioaditq  to  Ettry  Haa ber 

Locality 

Refereaces 

44. 

Xylocopa  hydrobiae  Zeuner 

C93 

Zeuner  1938 

45. 

Xylocopa  friesei  Statz 

183 

Burnhan  1978 

46. 

4nthopiion'tes  tonsa  Heer 

C33 

Burnhan  1978 

47. 

Electrapis  proava  (Henge) 

C193 

Burnhan  1973 

48. 

4pis  heashani  Cockerell 

183 

Burnhan  1978 

49. 

4pis  anhrusteri  (Arnbruster) 

[73 

Arnbruster  1938;  Zeuner  1951 

50. 

Apis  arabrusteri  (Arnbruster) 

[23 

Zeuner  et  al.  1976 

51. 

Trigosa  prise  a  Hichener  It  Griaaldi 

[363 

Hichener  &  Grimaldi  1989a,  1989b 

52. 

Trigoaa  eocenica  Kelner-Pillault 

[193 

Burnhan  1978 

53. 

Trigosa  doiisicana  Sille  It  Chandler 

[173 

Hi  lie  &  Chandler  1964;  Burnhan  1978 

54. 

Trigosa  silacea  Hille 

[113 

Burnhan  1978 

55. 

Probotbus  birsutus  Piton 

[273 

Piton  1940;  Burnhan  1978 

56. 

Cbalcoboabus  huailis  Cockerell 

[193 

Burnhan  1978 

57. 

Boibus  fiorisjanteasis  (Cockerell) 

[153 

Cockerell  1906b;  Burnhan  1978 

58. 

Soibus  abavus  Heer 

[33 

Burnhan  1978 

MTHPART  CLASS  22:  EHT86HATH0US-STYLATE 
Fif.  94. 


1. 

Testajapygidae:  Testajapyx  thoaasi  KukalovA-Peck 

[963 

Kukalov4-Peck  1987 

2. 

Isotonidae:  RhynieiJa  praecursor  Hirst  &  Haulik 

[1043 

Hirst  St  Haulik  1926;  Sreenslade  S 
Whalley  1986 

3. 

Entoaobryidae:  Peraobrya  airabilis  Riek 

[913 

Riek  1976b 

4. 

Arthropleona 

[373 

Zherikin  &  Sukacheva  1973 

5. 

Entoaobryidae:  Proteatoaobrya  nalkeri  Folson 

[353 

Folsoa  1937 

6. 

Isotonidae:  Isotota  protocinera  Handschin, 
Hypogasturidae:  Hypogastura  protoviatica  Handschin 

[193 

Larssor.  1978;  Keilbach  1982 

7. 

Isotonidae:  Cryptopygus,  Entoaobryidae:  Seira 

[173 

Mari  Mutt  1963 

8. 

Entoaobryidae:  Entoaobrya  decora  TNicolet, 

[113 

Christiansen  1971;  Keilbach  1982 

9. 

?Neanuridae 

[1043 

Sreenslade  1988 

10. 

Poduridae:  Podara  pulchra  Koch  It  Berandt 

[193 

Koch  It  Berendt  1854;  Keilbach  1982 

11. 

Saithurinidae:  Saithurinus  bmicornis  Koch  & 

[193 

Koch  It  Berendt  1854;  Keilbach  1982 

12. 

Saithurinidae:  Spbyrotbeca  sp. 

[113 

Mari  Hutt  1983 

ROUT HP ART  CLASS  23:  ECT06HATHBHS-STYLATE 

1. 

Hacrekaaa  uag eri  (Heer) 

Fig,  97 

[33 

Heer  1349;  Zeuner  1939 

2. 

Hotokistus  brodiei  Handlirsch 

[693 

Abdullah  1975 

3. 

Rhysodidae 

[173 

Baroni-lirbani  et  al.  1982 

4. 

Rhysodidae 

[Hiocene3 

Dnitriev  6  Zherikin  1988 

5. 

dvocaiiaus  eloBgatus  Pononarenko 

[823 

Pononarenko  1969a 

6. 

Catiniidae 

[523 

Rasnitsyn  1988 

7. 

Porrbodroaus  conun  is  Tichonirova 

[603 

Tichonirova  1968 

8. 

Leiodidae 

[Eocene3 

Dnitriev  It  Zherikin  1988 

9. 

Leiodidae 

[63 

Schunann  It  Hendt  1989 
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Fossil 

(ECT06NATH0U5-STYLATAE,  continued) 

Entry 

Iisect 

flo. 

Tam  Corresiondiaa  to  Entry  flatter 

Locality 

References 

10. 

Helodidae 

[531 

Jell  4  Duncan  1986 

11. 

Eucinetidae 

[601 

Rasnitsyn  1988 

12. 

Eucinetidae 

[523 

Rasnitsyn  1988 

13. 

Eucinetidae 

[63 

Schutann  6  Wendt  1989 

14. 

Pbyaaphoroides  antenatus  Hotschulsky 

[193 

Larsson  1978;  Keilbach  1982 

15. 

Cerylonidae 

[373 

Diitriev  6  Zherikin  1988 

16. 

Corylophidae 

[Eocene] 

Dtitriev  6  Zherikin  1988 

17. 

Corylopbus  sp. 

[193 

Diitriev  6  Zherikin  1988 

18. 

Corylophidae 

[63 

Schuiann  4  Wendt  1989 

HOmPART  CLASS  24:  SE6KRTED  BEAK 

Fig.  IOC 

1. 

Lophioneuridae:  Tscbekardus  bispidus  Vishniakova 

[893 

Vishniakova  1981 

2. 

Peraaleurodidae:  Peraaleurodes  rotundatiis  Bekker- 
lligdisova 

[973 

Rohdendorf  et  a  1.  1961 

3. 

Protopsyllidae:  Carpentereiia  curtipennis  Bekker- 
Kigdisova 

[603 

Bekker-fligdisova  1968 

4. 

?Bernaeidae: 

[563 

Whalley  4  Jarzeabouski  1985 

5. 

Bernaeidae:  Bernaea  seocoiica  Schlee 

[553 

Schlee  1970 

6. 

Psyllidae 

[533 

Jell  4  Duncan  1986 

7. 

Aleyrodidae:  Aleurodes  aculeatus  Henge 

[193 

Keilbach  1982 

8. 

Psyllidae 

[183 

Jarzeabouski  1976 

9. 

Psyllidae:  Psyllina  CBlattflflhe") 

[173 

Schlee  4  Glockner  1978 

10. 

Psyllidae 

[153 

Wilson  1978a 

11. 

Psyllidae:  Psyllina  CBJattflBhe'1) 

[113 

Schlee  4  61ockner  1978 

12. 

Psyllidae 

[63 

Barthel  4  Hetzer  1982 

13. 

Peraaphidopseidae:  Kaitanapbis  peraiensis  Bekker- 

[973 

Rohdendorf  et  a  1.  1961 

14. 

?Cal laphididae:  Penapbis  uoollardi  Jarzeabouski 

C573 

Jarzesbouski  1989 

15. 

Aphidoidea,  Coccoidea 

[373 

Zherikin  4  Sukacheva  1973 

16. 

Canadaphidae:  Canadaphis  carpenter i  Essig 

[353 

tssig  1937 

17. 

Peophigidae 

[233 

Wilson  1978a;  Grande  1980 

18. 

Aphididae:  Aphis  retrolactens  flenge 

[153 

Keilbach  1982 

19. 

Aphidoidea 

[183 

Jarzesbouski  1976 

20. 

Aleyrodina  (■HottenlSuse) 

C173 

Schlee  4  Glockner  1978 

21. 

Aphididae,  Coccidae 

[153 

Wilson  1978a 

22. 

Aphidina 

[63 

Schuiann  4  Wendt  1989 

23. 

Archescytinidae:  Peraopsylla  kuznetskiensis 
Bekker-Kigdisova 

[973 

Rohdendorf  1961 

24. 

Scytinopteridae:  Scytinoptera  sp. 

[863 

Strdapel  1983 

25. 

Protoposbolidae:  Protoprosbole  straeleni 

Laurent iaux 

[1013 

Laurentiaux  1953 

26. 

Blattoprosbolidae:  Blattoprosbole  toaiensis 
Bekker-Nigdisova 

[973 

Rohdendorf  et  ai.  1961 

27. 

Palaeotinidae:  Austroprosboloides  van dijki  Riek 

[843 

Riek  1973 

28. 

Prosobolidae:  Peraocicada  Integra  IBekker- 
Higdisova 

[863 

Rohdendorf  1957 
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Eitry 

Wo. 

Tvroa  Corrtsmdim  to  Eitry  Haiber 

Fossil 

Iosect 

Locality 

(SE6HENTED  BEAK,  continued) 

it  fere  tees 

29. 

Palaeotinidae:  Palaeothoides  shabaravi  Hartynov 

C733 

Hartynov  1937a 

30. 

?Palaeotinidae:  Apheloscyta  lesocaapta  Tillyard 

C743 

Tillyard  1922,  1923c 

31. 

Palaeotinidae:  Paiaeoti&oides  haifanggomsis  Hong  1641 

Hong  1983 

32. 

Palaeotinidae 

1571 

Jarzeabowski  1984 

33. 

Palaeotinidae:  Hoiaacottella  pulcherrita  Whalley  it  [563 

Whalley  6  Jarzeabowski  1985 

34. 

Pereboriidae:  Hevropibrocha  raaisubcostalis 

1971 

Rohdendorf  et  al.  1961 

35. 

Bekker-Higdisova 

Cixiidae:  Scytocixiss  aeidax  Hartynov 

[871 

Hartynov  1937b 

36. 

Cixiidae:  Hesocisoides  feriioaeura  Tillyard 

[74] 

Tillyard  1922 

37. 

Fulgoridae:  Eaf vigor idiua  tisyl-kiense  Hartynov 

£73] 

Hartynov  1937a 

38. 

Cicadidae:  Liassocicada  ignotatus  Srodie 

[693 

Hhalley  1983 

39. 

Procercopidae:  Procercopis  debilis  Bode 

[683 

Bode  1953 

40. 

Cercopidae:  Hekeicercopis  triangulata  Hong 

[643 

Hong  1983 

41. 

Cicadidae:  Cicada  proserpina  Weyenbergh 

[613  . 

Kuhn  1961 

42. 

Cicadellidae 

[573 

JarzeaboMski  1984 

43. 

Cicadellidae:  Acccephalites  kr addin i  Heunier 

[563 

hhalley  4  Jarzeabowski  1985 

44. 

Cixiidae:  Bun dopoides  aptianus  Fennah 

[553 

Fennah  1987 

45. 

Cixiidae 

[533 

Jell  6  Duncan  19B6 

46. 

Fulgoroidea 

[373 

Zherikin  4  Sukacheva  1973 

47. 

Jascopidae:  Jascopus  n otabilis  Haailton 

[353 

Keilbach  1982 

48. 

Fulgoridae,  Cercopidae,  Cicadellidae 

[323 

Mitchell  4  Wighton  1979 

49. 

Cixiidae,  Fulgoridae,  Cercopidae 

[233 

Wilson  1978a;  Grande  1980 

50. 

Fulgoridae:  Pceocera  nassuta  Seriar 

[193 

Keilbach  1982 

51. 

Auchenorrhyncha 

[183 

Jarzeabowski  1976 

52. 

Flatidae 

[173 

Fennah  1963 

53. 

Cixiidae,  Delphacidae,  Fulgoridae 

[153 

Wilson  1978a 

54. 

Cicadellidae 

[43 

Palaer  1957 

55. 

Progonociaicoidea 

[7893 

Popov  1980 

56. 

Progonociaicidae:  Olgaaartyaova  turanica  Bekker 

[713 

Popov  1982 

57. 

Higdisova 

Progonociaicidae:  Progotocitex  jurassicus 

[683 

Popov  4  Wootton  1977 

58. 

57. 

Handlirsch 

Progonociaicidae 

[573 

Jarzeabowski  1984 

Progonociaicidae 

[463 

Korailev  4  Popov  1986 

60. 

Peloridae 

[?Aptian3 

Popov  1980 

61. 

Cuneocoridae:  Cuaeocoris  geiaitzi  Handlirsch 

[683 

Handlirsch  1908;  Popov  4  Wootton  197' 

62. 

Enicocephalidae 

[193 

Jarzeabowski  1986 

63. 

Enicocephalidae:  Paenicotecftys  fossilis  (Cockerell  1115] 

Keilbach  1982a 

64. 

Bipsocoridae:  Ceratocoibus  hurdi  Wygodzinsky 

[113 

Keilbach  1982 

65. 

?Hydrocorisae 

[763 

Olsen  et  ai,  1978 

66. 

Unnaaed  faaily 

[693 

hhalley  1935 

67. 

Veliidae 

[533 

Jell  4  Duncan  1986 

68. 

Serridae,  Veliidae 

[323 

Mitchell  4  Wighton  1979 

69. 

Hydroaetridae:  Eocenoaetra  danica  Anders® 

[Eocene] 

Anderson  1982 

70. 

Saldidae,  Serridae,  Selastocoridae 

[233 

Wilson  1978a;  Srande  1980 

71. 

Halobatidae:  Halobates  sp. 

[193 

Keilbach  1982 

72. 

Saldidae:  Leptosalda  chiapetsis  Cobben 

[173 

Cobben  1971 

73. 

Saldidae,  Serridae,  Veliidae 

[153 

Wilson  1978a 
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Fossil 

(SEGMENTED  BEAK,  continued! 

E»trj 

Iasect 

Taxon  Corresjoirffn  to  Eitr  y  Han  bar 

Locality 

References 

n. 

Saldidae:  Laptosalda  chiapaasis  Cabben 

till 

Cobben  1971 

75. 

Triassocoridae:  Triassocoris  nyersi  Tillyard 

C741 

Tillyard  1923c 

76. 

Belostoaatidae:  basoaep a  sp. 

C691 

Nhalley  1985 

77. 

Corixidae:  Yaaliaocorixa  chiaeasis  Lin 

[641 

Hong  1983 

78. 

Belostoaatidae:  flesoielosionun  deperditn  Seraar 

[611 

Kuhn  1961 

79. 

Naucoridae:  4idiun  pleurale  Popov 

[601 

Popov  1968 

80. 

Notonectidae,  Naucoridae,  Corixidae 

[541 

Sanz  at  al.  1988 

81. 

6elastocoridae 

[53 

Jell  A  Duncan  1986 

82. 

Gelastocoridae 

[231 

Hi  Ison  1978a;  Grande  1980 

83. 

Corixidae:  Corixa  sp. 

[19 1 

Larsson  1978 

84. 

Notonectidae,  6elastocoridae,  Belostoaatidae, 

[151 

Hi  Ison  1978a 

85. 

Notonectidae:  Hotoaecta  rotti  Jordan 

[81 

Jordan  1953 

86. 

Pachyaeriidae 

[691 

Hhalley  1985 

87. 

Pachyaeriidae:  Pachyaeridiui  dubiua  Seinitz 

[681 

Popov  &  Hootton  1977 

88. 

Coreidae:  Shocoris  obloaga  Hong 

[643 

Hong  1983 

89. 

Coreidae:  Uosstrocoreus  quadrinaculatus  Popov 

[601 

Popov  1968 

90. 

Alydidae 

[461 

Korailev  4  Popov  1986 

91. 

Pentatosidae 

[323 

Nitchell  4  Highton  1979 

92. 

Pentatcaidae 

[261 

Britton  1960 

93. 

Pentatosidae 

[241 

Lutz  1987 

94. 

Coreidae 

[231 

Hi  Ison  1978a;  Grande  1980 

95. 

Aradidae:  4radas  su perstes  Sersar 

[191 

Keilbach  1982 

96. 

Lygaeidae,  Coreidae,  Pyrrhocoridae,  Cydnidae 

[151 

Hi  Ison  1978a 

97. 

Lygaeidae:  Procyaopbyes  lithax  Sailer  4  Carvalho 

[41 

Pa leer  1957 

98. 

Archegocieicidae 

[693 

Hhalley  1985 

99. 

Sisyrocoridae:  Coryaecoris  seaigraaulatus  Bode 

[681 

Popov  4  Hootton  1977 

100. 

Eociaicidae:  flesocinex  sinensis  Hong 

[641 

Hong  1983 

101. 

Niridae:  Scutallifer  fraraiaviensis  Popov 

[601 

Popov  1968 

102. 

Seocorisae 

[561 

Hhalley  4  Jarzeabouski  1985 

103. 

Anthocoridae 

[533 

Jell  4  Duncan  1986 

104. 

Niridae 

[461 

Korailev  4  Popov  1986 

105. 

Nicrophysidae 

[373 

Zherikin  4  Sukacheva  1973 

106. 

Anthocoridae 

[353 

Nc Alpine  4  Hart in  1969 

107. 

Ciaicidae,  Reduviidae 

[241 

Lutz  1987 

108. 

Reduviidae 

[233 

Hilson  1978a;  6rande  1980 

109. 

Nabidae:  Nabis  lucid a  Sersar 

[191 

Keilbach  1982 

110. 

Reduviidae:  Eapicoris  copal  Popov 

C171 

Popov  1987 

111. 

Tingidae,  Niridae,  Reduviidae 

[153 

Hilson  1978a 

112. 

Niridae:  Nirinae 

[61 

Barthel  4  Hetzer  1982 

113. 

Niridae:  Siononalonion  coaoidifroas  Sailer  & 

[43 

Falser  1957 

Carvalho 
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Fossil 

E»trjr 

Iasect 

Do. 

7ixo»  Corrtssoxdiig  to  Entry  Btnber 

Locality 

Atftreicts 

1. 

Lophioneuridae:  Diclieitoiui  tinctui  Tillyard 

[90] 

Tillyard  1926c;  Carpenter  1932a 

2. 

Hallophaga,  -Family  indeterainate 

[193 

Keilbach  1982 

3. 

Hoplopleuridae:  Aeohanatopiaus  relictus  Dubinin 

[Pleist] 

Laurentiaux  1953 

ABBTAPART  CLASS  26: 

ABOTHCOAE 

Fif.  106 

1. 

Lophioneuridae:  Dicheutoiui  tinctui  Tillyard 

[903 

Tillyard  1926c;  Carpenter  1932a 

2. 

Tschekardus  hispidtis  Vishniakova 

C893 

Vishniakova  1931 

3. 

Zcropsocus  toiiensis  Bekkerfligdisova 

[L.  Peral  Sharov  1973 

4. 

Karatarocypha  oculata  Vishniakova 

[603 

Vishniakova  1981 

5. 

Lophioneuridae 

[573 

Jarzesbouski  1984 

6. 

lladacypha  fatida  Vishniakova 

£523 

Vishniakova  1981 

7. 

Jantardacbus  pemctus  Vishniakova 

C373 

Vishniakova  1981 

3. 

Karatauthrips  jurassicus  Sharov 

[603 

Sharov  1973 

9. 

Aercthrips  fritsdii  Priesner 

[193 

Priesner  1924 

10. 

Aeolothripidae 

[373 

Rasnitsyn  1988 

11. 

Aeolothripidae 

[233 

ililson  1978a;  Grande  1980 

12. 

Arcftantot/irips  pugioaifer  Priesner 

[193 

Priesner  1924 

13. 

Aeolothrips  exiiadus  Priesner  &  Suievreux 

[163 

Priesner  4  Quievreux  1935 

14. 

Helanothripinae 

[43 

Palaer  1957 

15. 

Seven  aonofaeilial  taxa  assigned  to  extinct  faii 

[553 

Zur  Strassen  1973;  Seeger,  in  Hennig 

lies,  but  probably  belonging  to  Heterothripidae 

1981 

16. 

?Heterothri pi dae 

[523 

Rasnitsyn  1988 

17. 

Protothrzps  speratas  Priesner 

C193 

Priesner  1929 

18. 

Thripidae  ("Ceratothripidae'l 

[373 

Zherikin  4  Sukacheva  1973 

19. 

Aaaphotbrips  perspicuus  Priesner 

[193 

Priesner  1924;  Larsson  1978 

20. 

Frasklinella  oligocaesica  Priesner  4  Quivreux 

[163 

Priesner  &  Quivreux  1935 

21. 

Phlaeothripidae  CPygothripidae*) 

[373 

Zherikin  4  Sukacheva  1973 

22. 

Cepftalothripj  laticeps  Priesner 

[193 

Priesner  1924;  Larsson  1978 

ABBTAPART  CLASS  27:  ABABSTYLATE/BISTYLATE 

Fig .  109 

1. 

Bibionidae 

[363 

Olsen  et  ai.  1978 

2. 

Xylophagidae 

[423 

Diitriev  4  Zherikin  1973 

3. 

Stratioayiidae 

[563 

Hhalley  4  Jarzeibowski  1985 

4. 

Archocyrtas  g ibbosus  Ussatchov 

[603 

Ussatchov  1968 

5. 

Acroceridae 

[233 

Hi Ison  1978a;  Grande  1980 

6. 

Glaesnocodes  cotpletherris  Hennig 

[193 

Hennig  1963 

7. 

4rchiae»estrinus  karaiavicas  Rohdendorf 

[603 

Rohdendorf  1968 

8. 

Tabanidae 

[243 

Lutz  1987 
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Fossil  (KOMQSTYLATE/SISTYLATE ,  continued) 
Eotry  Insect 


Ho. 

Taxon  Corresioadiao  to  Entry  latter 

Locality 

References 

9. 

?Athericidae 

[241 

Lutz  1987 

10. 

Protobrachyceroa  iiasinua  Handlirsch 

1681 

Handlirsch  1908 

11. 

PaZaeopiatypygus  zaitzevi  Kovalev 

C651 

Kalugina  &  Kovalev  1985 

12. 

Zarzia  sp. 

C373 

Zaitzev  1981 

13. 

ProgZabeZiula  eiectrica  Hennig 

C193 

Hennig  1967c 

14. 

Sy stropus  acoartf  Zaitzev 

[183 

Zaitzev  1981 

15. 

Blabellula  kaehaei  Schlfiter 

[173 

Schlfiter  1976 

16. 

Hegacosaus  secosdus  Cockerell 

[153 

Cockerell  1911 

17. 

Praecythera  sardii  Thfiobald 

[133 

Thfiobaid  1937 

18. 

Boabyl i idae 

[63 

Schuaann  &  Wendt  1989 

19. 

ifydas  sp. 

[153 

Cockerell  1913b 

20. 

Asllidae 

[233 

Wilson  1973a;  Srande  1980 

21. 

.4sfius  angustifrois  Loew 

[193 

Loea  1850;  Hennig  1967c 

22. 

Senoprosopis  antiguus  Jaaes 

[153 

Jaaes  1939 

23. 

ProtoioesiaeZIa  kailbacbi  Schuaann 

[63 

Schuaann  1984 

24. 

7bereva  pinguis  (Lae») 

[193 

Loew  1850;  Keilbach  1982 

25. 

Scencpinidae 

[423 

Daitriev  i  Zherikin  1988 

26. 

Prvtnpis  aateanata  Ussatchov 

[603 

Ussatchov  1963 

27. 

Eapididae 

C573 

Jarzesaboasid  1934 

28. 

Trichiaitas  cretaceus  Hennig 

[553 

Hennig  1970 

29. 

Eccnocydroeia  difficiiis  Schlfiter 

[453 

Schlfiter  1978 

30. 

En pis  orapaensis  Maters 

[433 

Waters  1989a 

31. 

Espididae 

[403 

Langenheia  et  ai.  1960 

32. 

Crttoplatypalpus  archaeus 

[373 

Kovalev  1978 

33. 

Eapididae 

[353 

HcAlpine  k  Hartin  1969 

34. 

Eapididae 

[323 

Wilson  1978a 

35. 

Eapididae 

[233 

Wilson  1973a;  Srande  1980 

36. 

Eapis  externa  (Loew) 

[193 

Loew  1850;  Larsson  1978 

37. 

Enpis  infossa  Helander;  TracAydronia  theobaldi 
Tiaon-Cavid 

[15,143 

Helander  1949;  Tiaon-David 

38. 

Eapididae 

[63 

Schuaann  &  Wendt  1989 

39. 

RatiaiUs  a ervasus  Negrobov 

[373 

Negrobov  1978 

40. 

Platypezidae 

C553 

Kovalev  1985 

41. 

Ironcayiidae 

[523 

Rasnitsyn  1988 

42. 

Sciadoceridae 

[553 

Kovalev  1985 

43. 

Hetopina  qoehii  Sriaaldi 

[363 

Sriaaldi  1989 

44. 

Syrphidae 

[373 

Kovalev  1985 

45. 

Conopidae 

[553 

Hennig  1971a 

H0UTHPMT  CLASS  28:  BISTY LATE /TETAASTT LATE 

Fig,  L12 

1. 

Chaoboridae:  PraecAaotorus  tugsuicus  Kalugina 

[663 

Kalugina  k  Kovalev  1985 

2. 

Bibionidae 

[763 

Olsen  et  al.  1978 

3. 

Protolbiogaster  rbaatica  Rohdendorf 

[733 

Rohdendorf  1974 

4. 

Anisopididae 

[603 

Rasnitsyn  1988 

5. 

Anisopodidae 

[353 

HcAlpine  k  Hartin  1969 
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Fossil 

(DISTYLATE/TETRASTYLATE,  continued) 

Ea  try 

Jasect 

jfo. 

Taxo»  Corrtsmdim  to  Entry  Jfuaier 

Locality 

Reftrncts 

6. 

flnisopodidae 

[231 

Hi  Ison  1978a 

7. 

kbypbus  spleadidas  Heunier 

[193 

Heunier  1904c;  Keilbach  1982 

8. 

Anisopadidae 

[153 

Hilson  1978a 

9. 

flnisopodidae 

[63 

Schuaann  6  Hendt  1989 

to. 

Xylophagidae 

[423 

Daitriev  It  Zherikin  1988 

11. 

Stratioayiidae 

[563 

Hhalley  6  Jarzeebowski  1985 

12. 

Ardwcyrtus  gibbosas  Ussatchov 

[603 

Ussatchov  1968 

13. 

Ardiiseaestrisas  karaiavicus  Rohdendorf 

[603 

Rohdendorf  1968b 

14. 

Tabanidae 

[243 

Lutz  1987 

15. 

?Athericidae 

[243 

Lutz  1987 

16. 

PalasobracbyceroTi  baadlirschi  Kovalev 

[663 

Kovalev  1981 

17. 

Kubeiovia  accessoria  Kovalev 

[653 

Kalugina  6  Kovalev  1985 

18. 

Palaeoptioliaa  scobloi  Kovalev 

[623 

Kovalev  1982 

19. 

Rbagioeapis  antennata  Rohdendorf 

[603 

Rohdendorf  1938;  Kovalev  1932 

20. 

Aff.  Ptioiisa  sp. 

C573 

Jarzeabowski  1984 

21. 

Atheriaorpiia  fash ca  Jell  &  Duncan 

[533 

Jell  It  Duncan  1936 

22. 

Rhagionidae 

[523 

Rasnitsyn  1988 

23. 

Rhagionidae 

[373 

Zherikin  4  Sukacheva  1973 

24. 

Protoveraileo  eiectriois  Hennig 

[193 

Hennig  1967a 

25. 

Syiphotoayia  subtrita  Cockerell;  kbagio  priaaevus 
Theobald 

[15,133 

Cockerell  1911;  Theobald  1937 

26. 

Rhagionidae 

[63 

Schuaann  %  Hendt  1989 

27. 

Palaeoplatypygus  za itzevi  Kovalev 

[653 

Kalugina  &  Kovalev  1985 

28. 

Jfydas  sp. 

[193 

Cockerell  1913b 

29. 

Asilidae 

[233 

Wilson  197Ba;  Srande  1980 

30. 

Tbereva  pingsis  (Loev*) 

[193 

Loev  1850;  Keilbach  1982 

31. 

Psilocapbala  bypogaea  Cockerell 

[153 

Cockerell  1909b;  Irwin  4  Lyneborg  1987 

32. 

Scenopinidae 

[423 

Daitriev  4  Zherikin  1973 

33. 

Proteipis  antennata  Ussatchov 

[603 

Ussatchov  1968 

34. 

Rethihs  aervosus  Negrobov 

[373 

Negrobov  1978 

35. 

Platypezidae 

[553 

Kovalev  19B5 

36. 

IronoByiidae 

[523 

Rasnitsyn  1988 

37. 

Ironoayiidae 

[423 

Rasnitsyn  1988 

38. 

Cretonoayia  pristina  HcAlpine 

[353 

ItcAlpine  1973 

39. 

Sciadoceridae 

[553 

Kovalev  1935 

40. 

Detopina  goeleti  Sriaaldi 

[363 

Griaaldi  1989 

41. 

Syrphidae 

[373 

Kovalev  1935 

42. 

Conopoidea:  Conopidae 

[553 

Hennig  1971a 

MUTHPAAT  CLASS  29i 

HEXASTYLATE 

Fig.  115 

1.  Tipulidae 

[783 

Olsen  et  ai,  1978 

2.  Blepharoceridae 

[423 

Daitriev  4  Zherikin  1988 

3.  ?Paitostoaopsis  ciliatus  Cockerell 

[183 

Cockerell  1916b 

4.  Praeaacrocbile  stacielbergi  Kalugina 

[663 

Kalugina  4  Kovalev  1985 

5.  Eoliaaobia  geiaitzi  Handlirsch 

[683 

Handlirsch  1903;  Rohdendi 
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Ei  try 
to. 

Tam  Correstoidiio  to  Eitry  Umber 

Fossil 

hsect 

Locality 

(HEXASTYLATE,  continued) 

Releretces 

6. 

Kesopsychoda  dasyptera  Brauer,  Redtenbacher  & 

C671 

Brauer  et  a 1.  1887 

7. 

Sanglbauer 

Eopericoia  zbericbiii  Kalugina 

[621 

Kalugina  6  Kovalev  1965 

8. 

Taayderopbryae  laltinrris  Rohdendorf 

[601 

Rohdendorf  1962,  1974 

9. 

Phlebotoaites  brevifilis  Hennig 

C553 

Hennig  1972b 

10. 

Syncorax  sp. 

[351 

Suate  ft  Vockeroth  1981 

11. 

fleiopalpus  *oIop/ii»as  Eduards 

[191 

Schlftter  1978 

12. 

Psychodidae 

[181 

Jarzeabouski  1976 

13. 

Heaopalpas  bemigiaaas  SchluPh'ter  1978 

[173 

Schlftter  1978 

14. 

Trichoiyia  antiguaria  Suate 

[111 

Suate  1961 

15. 

Psychodidae 

[63 

Schuaann  &  Wendt  1989 

16. 

Thauaaleidae 

[E.  Cretl 

Rasnitsyn  1988 

17. 

Siauliidae 

[603 

Rasnitsyn  1988 

18. 

Siauliidae 

[533 

Jell  &  Duncan  1986 

19. 

Siauliui  iiportusui  Keunier 

C193 

fleunier  1904a;  Keilbach  1982 

20. 

Siauliidae 

[103 

Cuffey  et  al.  1982 

21. 

Siauliidae 

[63 

Schuaann  &  Wendt  1989 

22. 

S/ialidiua  priscui  Westwood 

[363 

Grogan  ft  Szadziewski  1988 

23. 

?Forcipoiyia  sp. 

[453 

Schlftter  1978 

24. 

Cuiicoides  kaiuginae  Reaa 

[373 

Reaa  1986 

25. 

?CaIicoides  ca sei  Srogan  ft  Szadziewski 

[363 

6rogan  ft  Szadziewski  1988 

26. 

Lasiobelea  creta  Boesel 

[353 

Boesel  1937 

27. 

Ceratopogo#  t'iagellas  fleunier 

[193 

fleunier  1904c;  Keilbach  1982 

28. 

Ceratopogonidae 

C173 

Schlee  ft  Slockner  1978 

29. 

Ceratopogonidae 

[103 

Cuffey  et  al.  1982 

30. 

Cuiicoides  obscaratas  Statz 

[83 

Statz  1944c 

31. 

Atricbopogoa  sp. 

[63 

Schuaann  ft  Wendt  1989 

32. 

Dasybelea  australis  Palaer 

[43 

Falser  1957 

3o. 

4rcbite»dipes  tschaernovskii  Rohdendorf 

[623 

Rohdendorf  1974 

34. 

Chironoaidae 

[663 

Kalugina  1983 

35. 

?Podosoiuj  rotandatus  Kalugina 

[653 

Kalugina  ft  Kovalev  1985 

36. 

flryctochius  vulcam  Kalugina 

[623 

Kalugina  4  Kovalev  1985 

37. 

?Proteadipes  sp. 

[603 

Kalugina  ft  Kovalev  1985 

38. 

Libanoclites  seocoaicus  Brundin 

[553 

Brundin  1976 

39. 

Tanypodinae 

[543 

Jell  ft  Duncan  1986 

40. 

Cretodiaiesa  taiiyrica  Kalugina 

[373 

Kalugina  1976 

41. 

ITveteaia  sp. 

[363 

Griaaldi  et  al.  1989 

42. 

Siittia  veta  Boesel 

[353 

Boesel  1937 

43. 

Chironoaidae 

[243 

Lutz  1987 

44. 

Chironoaidae 

[233 

Wilson  1978a;  Grande  1980 

45. 

Cbiroaoius  obscaras  fleunier 

[193 

fleunier  1899a;  Larsson  1978 

46. 

Chironoaidae 

[173 

Schlee  ft:  Glockner  1978 

47. 

Cftirosoias  pristhas  flelar.der;  Chironoaidae 

[15,133 

Thftobald  1937;  Helander  1949 

48. 

Chironoaidae 

[103 

Cuffey  et  al.  1932 

49. 

Pelopia  tbieaeianai  Statz 

[83 

Statz  1944c 

50. 

Chironoaidae 

[63 

Schuaann  ft  Wendt  1989 

51. 

Calopsectra  sp. 

[43 

Palaer  1957 

52. 

Praecbaoboras  tagaaicas  Kalugina 

[663 

Kalugina  ft  Kovalev  1985 
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Fossil 

Eutry 

Iasect 

Ho. 

Taxon  Correspond! no  to  Entry  luiter 

Locality 

References 

1. 

Protoseropeidae:  4Jtajopanorpa  Arerz's  Martynova 

C971 

Rohdendorf  et  a 1.  1961 

2. 

Taruinia  australis  Jell  4  Duncan 

1531 

Riek  1970a;  Jell  6  Duncan  1986 

3. 

Pulicidae 

[531 

Riek  1970a;  Jell  6  Duncan  1986 

4. 

Leporid  host  biogeography 

[Paleo¬ 

gene! 

Traub  4  Rothschild  1983 

5. 

Marsupial  host  biogeography  &  fossil  record 

[L.  Cretl 

Traub  4  Rothschild  1983 

6. 

Palaeopsylia  Uebsiana  Daapf 

[191 

Larsson  1978;  Keilbach  1982 

7. 

Cricetid  host  biogeography 

[Paleo¬ 

gene] 

Traub  4  Rothschild  1983 

8. 

Chiropteran  host  biogeography  4  fossil  record 

[Paleo¬ 

gene] 

Jepsen  1966;  Traub  4  Rothschild  1983 

9. 

Saurophthirus  longipes  Ponoaarenko 

[521 

PonanarenkG  1976 

HBBTKPART  CLASS  3 Is  TI1B0L0STYLATE 

Fif.  121 

1. 

Conopidae 

[551 

Hennig  1971a 

2. 

Eophletoiyia  claripennis  Cockerell 

[231 

Cockerell  1925b 

3. 

Siossina  araatipes  Cockerell 

[151 

Cockerell  1907b,  1909c,  1917b 

4. 

Oraitbonya  rottensis  Statz 

[81 

Maa  1966 

5. 

Earliest  bat  fossil  for  streblid  parasites: 
Zcaroaycteris  index  Jepsen 

C231 

Jepsen  1966;  Grande  1980 

6. 

Earliest  bat  fossil  for  nycterbiid  parasites: 
Icaronycteris  index  Jepsen 

[231 

Jepsen  1966;  Grande  1980 

HBOTHPART  CLASS  32:  SIPHOHOSTYLATE 

Fif.  124 

1. 

Hoctoitis  sp. 

[Caapan.] 

Gall  4  Tiffney  1983 

2. 

Soctuites  Aaidingeri  Heer 

[51 

Heer  1849;  Kozlov  1988b 

3. 

Hoctuites  gersdorfi  Kernbach 

[Pliocenl 

Kernbach  1967 

I Mt/THPART  CLASS  33:  REDUCED  TROPHIC 
Fif.  127 


1. 

Protopsyllididae:  Triassapfiis  cubitus  Evans 

[791 

Evans  1956 

n 

£• 

Mesococcus  asiaticus  Bekker-Migdisova 

[731 

Bekker-Migdisova  1959 

3. 

Eonaisucoccus  sukachevae  Koteja 

[523 

Koteja  1988c 

4. 

Margarodidae 

[371 

Koteja  1986a 

5, 

Eiectrococcas  canadensis  Beardsley 

[351 

Beardsley  1969 

6. 

Rcreagris  crenata  Koch  4  Berendt 

[193 

Koch  4  Berendt  1854;  Ferris  1941 
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Fossil 

(REDUCED  TROPHIC,  continued) 

Ettry 

Insect 

Ko. 

Taxot  Corresnondino  to  Entry  Umber 

Locality 

References 

7. 

Ronopblebus  sinplex  Scudder 

[151 

Scudder  1890;  Koteja  1986a 

9. 

flatsuococcus  saxos feus  Kate j  a 

[61 

Koteja  1986b 

9. 

Ortheziidae 

C371 

Koteja  1988c 

10. 

Ochyrocoris  electriaa  Henge 

C193 

Henge  1856;  Koteja  1986a 

11. 

Pseudococcidae 

C373 

Koteja  1986a 

12. 

Pseudococcidae 

C191 

Spahr  1988 

13. 

Pseudococcidae 

till 

Koteja  1986a 

14. 

Sucinikernes  kalickae  Koteja 

C191 

Koteja  1988b 

15. 

Eriococcidae 

[373 

Koteja  1986a 

16. 

Kuetonicocctis  pietrzeniukae  Koteja 

[193 

Koteja  1988a 

17. 

Eriococcidae 

[113 

Koteja  1986a 

18. 

Coccidae 

[373 

Koteja  1986a 

19. 

Coccidae 

[353 

Spahr  1988 

20. 

Coccus  tenitiAus  Henge 

[193 

Henge  1856;  Keilbach  1982 

21. 

Coccidae 

[173 

Spahr  1988 

22. 

Diaspididae 

C37  3 

Koteja  1986a 

23. 

Diaspididae 

[193 

Spahr  1988 

24. 

Diaspididae 

[113 

Koteja  1986a 

25. 

Diaspididae:  Ccoccide') 

[93 

Zeuner  1938;  Koteja  1986a 

26. 

rraenordella  nartyknori  Segoleva-Barovskaya 

[603 

Segal eva-Barovskaya  1929;  Crouson  1981 

27. 

Horde! lidae 

[533 

Jell  k  Duncan  1986 

28. 

Xordell a  priscola  Cockerell 

[233  - 

Cockerell  1925c 

29. 

Hordella  iitdusa  Sernar 

[193 

Seraar  1913;  Keilbach  1982 

30. 

Toioxia  fauDdata  Hickhaa 

[153 

Hickhaa  1914 

31. 

<4naspis  sp.,  Rordellistena  sp. 

[63 

Schuaann  k  Wendt  1989 

32. 

Rhipidius  prinordalis  Stein 

[193 

Stein  1877;  Keilbach  1982 

33. 

Ryodites  barniticus  Cockerell 

[Pleist.3  Cockerell  1917a:  Keilbach  1982 

34. 

Cupedidae:  focupes  lukjanoyitschi  Rohdendort 

[973 

Rohdendorf  et  al.  1961;  Ponoaarenko 
1969 

35. 

Reagea  tertiar  fa  Henge 

[193 

Henge  1866;  Larsson  1978 

36. 

Protelencholax  schleei  Kinzelbach  1979 

[173 

Kinzelbach  1979 

37. 

Siichotreia  eocaenicui  (Haupt) 

[223 

Haupt  1950;  Kinzelbach  k  Lutz  1985 

33. 

Ryrnecolax  glaesi  Kinzelbach 

[173 

Kinzelbach  1983 

39. 

Cosssidae:  Sanetia  darranti  Cockerell 

[183 

Cockerell  1921;  Kozlov  1988b 

40. 

Cossidae:  Adelcpsyche  frastans  Cockerell 

C233 

Cockerell  1926’ 

41. 

Zygaenidae:  Zygaena  ifocaeaica  Reiss 

[23 

Reiss  1936;  Nauaann  1987 

42. 

Xyelidae:  Triassoxyela  foveolata  Rasnitsyn 

[823 

Rasnitsyn  1964 

43. 

Ichneuaonidae:  Tanychorella  parvala  Rasnitsyn, 
flegalyridae:  Cleistogaster  bariatica  Rasnitsyn 

[663 

Rasnitsyn  1975 

44. 

Hegaspilidae:  Allocotidas  braesi  Huesebeck 

[403 

Huesebeck  1963 

45. 

Haiaetshidae:  Rainetsba  arctica  Rasnitsyn, 
Stigaaphronidae:  Stigaaphron  orpine  Rasnitsyn 

[373 

Rasnitsyn  1975 

46. 

?Lygoceridae:  ?Lygocerus  dubiatus  Brues 

[353 

Brues  1937 

47. 

Ceraphronidae:  Conostigaus  succisafis  Brues 

[193 

Brues  1940b;  Kftningsaann  1978a 

48. 

Heioridae:  ProioAeiorus  aesozoicus  Kozlov 

[603 

Kozlov  1968 

49. 

Pelecinidae:  Isccpinus  iaissicus  Kozlov 

[393 

Kozlov  1974;  Kfiningsnann  1978a 

50. 

Trupochalcidae:  Trupochalcis  inops  Kozlov, 

[373 

Zherikin  6  Sukacheva  1973;  Kozlov 

?Vanhorniidae,  Serphitidae 

1975;  Rasnitsyn  1975 
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